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(54) METHOD FOR CONTINUOUSLY MANUFACTURING HEAT- VULCANIZABLE SILICONE 
COMPOSITION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
obtaining a homogenous filler compounded heat~ 
vulcanizable silicone composition having required reinforcing 
characteristics and a volatile component !evei by 
compounding high levels of a filler, a processing fluid and a 
silicone polymer. 

SOLUTION: High levels of treated fumed silica, processing 
fluid and high molecular weight silicone polymer are 
continuously compounded into a homogenous silica filled 
heat~vulcanizable silicone composition by forming a premix 
in a continuous annular layer mixer and continuously 
discharging the premix into a compounding apparatus to 
form the filled heat-vulcanizable silicone composition. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]It is the compounding method of a filler combination thermosetting silicone composition, A 
method including that method concerned supplies a filler and silicone polymer to a high-speed 
mixing stage continuously, forms a free fluid granular concentrate, and discharges the above- 
mentioned free mobility granular concentrate from a mixing stage continuously to compounding 
equipment. 

[Claim 2]A method according to claim 1 including carrying out compounding of said concentrate 
continuously within said compounding equipment and forming a filler combination thermosetting 
silicone composition. 

[Claim 3]A way according to claim 1 said mixing stage consists of shearing and an agitator style. 
[Claim 4] A way according to claim 1 said mixing stage contains a continuation annular layer mixer. 
[Claim 5]A way according to claim 1 said compounding equipment is a spiral drive extrusion machine 
style, 

[Claim 6]Two continuation annular mixers which said mixing stage connected in series are included, 
A method according to claim 1 of mixing a filler with silicone polymer in a continuation annular layer 
mixer by holding time for about 5 seconds - about 10 minutes, forming a premix, and including 
discharging a premix to said compounding equipment 

[Claim 7]Two or more continuation annular mixers which said mixing stage connected in series are 
included, A method according to claim 1 of mixing a filler with silicone polymer in a continuation 
annular layer mixer by holding time for about 10 seconds - about 5 minutes, forming a premix, and 
including discharging a premix to said compounding equipment 

[Claim 8]Two continuation annular mixers which said mixing stage connected in series are included, 
A method according to claim 1 of mixing a filler with silicone polymer in a continuation annular layer 
mixer by holding time for about 20 seconds - about 3 minutes, forming a premix, and including 
discharging a premix to said compounding equipment 

[Claim 9]A way according to claim 1 said mixing stage is a continuation annular layer mixer, and said 
compounding equipment is a spiral drive extrusion machine style. 

[Claim 10]A method according to claim 9 by which said continuation annular layer mixer is adjoined 
and connected to said compounding equipment. 

[Claim 1 1]A method according to claim 9 to which said continuation annular layer mixer is 
connected in contact with said compounding equipment. 

[Claim 12]A method according to claim 9 of mixing a filler with silicone polymer with about 3 - 
element tip speed of about 1 00 m/s in said continuation annular layer mixer, forming a premix, and 
including discharging a premix to compounding equipment. 

[Claim 13]A method according to claim 9 of mixing a filler with silicone polymer with about 10 - 
element tip speed of about 80 m/s in said continuation annular layer mixer, forming a premix, and 
including discharging a premix to said compounding equipment 

[Claim 14]A method according to claim 9 of mixing a filler with silicone polymer with about 15 - 
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element tip speed of about 80 m/s in said continuation annular layer mixer, forming a premix, and 
including discharging a premix to said compounding equipment 

[Claim 1 5]A method according to claim 9 of mixing a filler with silicone polymer in said continuation 
annular layer mixer by holding time for about 3 seconds - about 5 minutes, forming a premix, and 
including discharging a premix to said compounding equipment 

[Claim 1 6]A method according to claim 9 of mixing a filler with silicone polymer in said continuation 
annular layer mixer by holding time for about 5 seconds - about 1 minute, forming a premix, and 
including discharging a premix to said compounding equipment, 

[Claim 1 7]A method according to claim 9 of mixing a filler with silicone polymer by about 20 - 
holding time for about 45 seconds in said continuation annular layer mixer, forming a premix, and 
including discharging a premix to said compounding equipment 

[Claim 1 8jA way according to claim 9 said continuation annular layer mixer has at least the first 
section containing a mixing element, the second section containing a cutting element, and the third 
section containing a mixing element one by one. 

[Claim 19]A method according to claim 9 of having the second section where said continuation 
annular layer mixer contains at least a cutting element or a neutral cutting element of the first 
section and an advance pitch containing a mixing element of an advance pitch, and the third section 
containing a mixing element of a reverse pitch one by one. 

[Claim 20]A way according to claim 1 9 said continuation annular layer mixer contains about 5 - the 
first section element of 80% of abbreviation, about 10 - the second section element of 85% of 
abbreviation, and about 0 - the third section element of 75% of abbreviation, 

[Claim 21 ]A way according to claim 19 said continuation annular layer mixer contains about 10 - the 

first section element of 65% of abbreviation, about 10 - the second section element of 85% of 

abbreviation, and about 10 - the third section element of 75% of abbreviation. 

[Claim 22]A way according to claim 19 said continuation annular layer mixer contains about 15 - the 

first section element of 55% of abbreviation, about 10 - the second section element of 45% of 

abbreviation, and about 20 - the third section element of 85% of abbreviation. 

[Claim 23]A way according to claim 19 said continuation annular layer mixer also includes further 

the last section containing a cutting element of an advance pitch, or a mixing element of an advance 

pitch. 

[Claim 2 4] It is the compounding method of a filler combination thermosetting silicone composition, A 
method including that method concerned mixes a filler with silicone polymer with about 3 ~ element 
tip speed of about 100 m/s in a continuation annular layer mixer, forms a premix, and discharges a 
premix to processing equipment of the following. 

[Claim 25]A way according to claim 24 said tip speed is about 10 - about 80 m/s. 

[Claim 28jA way according to claim 24 said tip speed is about 1 5 - about 80 m/s. 

[Claim 27]How to be the method of forming a premix for filler combination thermosetting silicone 

composition manufacture, and include that method concerned mixes a fiiier with silicone polymer in 

a continuation annular layer mixer, and discharges a filler combination silicone polymer premix from a 

mixer. 

[Claim 28]A method according to claim 27 of discharging said premix to a storage zone. 

[Claim 29]A method according to claim 27 of discharging said premix and conveying to a zone for 

processing it further. 

[Claim 30]A method according to claim 27 of discharging said premix and conveying to a zone for 
processing it further. 

[Claim 31 ]A continuation annular layer mixer which includes at least the first section containing a 
mixing element, the second section containing a cutting element, and the third section containing a 
mixing element one by one. 

[Claim 32]The continuation annular layer mixer according to claim 31 which includes the second 
section that contains at least a cutting element or a neutral cutting element of the first section and 
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an advance pitch containing a mixing element of an advance pitch, and the third section containing a 
mixing element of a reverse pitch one by one. 

[Claim 33]The continuation annular iayer mixer according to claim 31 containing about 5 ~ the first 
section element of 80% of abbreviation, about 10 - the second section element of 85% of 
abbreviation, and about 0 - the third section element of 75% of abbreviation. 

[Claim 34]The continuation annular layer mixer according to claim 31 containing about 10 ~ the first 
section element of 85% of abbreviation, about 10 - the second section element of 85% of 
abbreviation, and about 1 0 - the third section element of 75% of abbreviation. 

[Claim 35]The continuation annular iayer mixer according to claim 31 containing about 15 - the first 
section element of 55% of abbreviation, about 10 - the second section element of 45% of 
abbreviation, and about 20 - the third section element of 85% of abbreviation. 

[Claim 38]The continuation annular layer mixer according to claim 31 which also includes further the 
last section containing a cutting element of an advance pitch, or a mixing element of an advance 
pitch. 

[Claim 37]Compounding equipment including a continuation annular layer mixer of the first step, and 

the one or more latter parts containing an extrusion machine connected with the first step so that a 

processing material could be continuously discharged from the first step to a second stage. 

[Claim 38]The compounding equipment according to claim 37 with which a continuation annular 

mixer of the first step has at least the first section containing a mixing element, the second section 

containing a cutting element, and the third section containing a mixing element one by one. 

[Claim 39]. Have the second section where a continuation annular mixer of the first step contains at 

least a cutting element or a neutral cutting element of the first section and an advance pitch 

containing a mixing element of an advance pitch, and the third section containing a mixing element 

of a reverse pitch one by one, The compounding equipment according to claim 37. 

[Claim 40] a continuation annular mixer of the first step — about 5~ about 80% of the first section 

element, and about 10~ about 85% of the second section element, and about 0- the compounding 

equipment according to claim 37 containing about 75% of the third section element 

[Claim 41]a continuation annular mixer of the first step — about 10- about 65% of the first section 

element, and about 10- about 65% of the second section element, and about 10- the compounding 

equipment according to claim 37 containing about 75% of the third section element. 

[Claim 42]a continuation annular mixer of the first step — about 1 5- about 55% of the first section 

element, and about 1 0- about 45% of the second section element, and about 20~ the compounding 

equipment according to claim 37 containing about 65% of the third section element. 

[Claim 43]The compounding equipment according to claim 37 with which a continuation annular 

mixer of the first step also includes further the last section containing a cutting element of an 

advance pitch, or a mixing element of an advance pitch. 

[Claim 44]The compounding equipment according to claim 38 which cuts off the corners inside and 
makes a cutting edge while said mixing elements containing a stem, and having extended to a 
distance sector head of the termination, and said cutting element's containing a stem and opening 
outside with the distance head. 

[Claim 45]The compounding equipment according to claim 37 with which said second stage contains 
the geared type said direction rotation twin screw extruder. 

[Claim 48]The compounding equipment according to claim 37 with which said second stage contains 
the non-engagement type said direction rotation twin screw extruder. 

[Claim 47]The compounding equipment according to claim 37 which is an adjoining stage with said 
separate stage. 

[Claim 48]The compounding equipment according to claim 37 which is a stage which said stage 
touches continuously. 

[Claim 49]The compounding equipment according to claim 37 containing two or more mixers which 
the first step has arranged in series. 
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[Claim 50]The compounding equipment according to claim 37 which the first step contains two or 
more mixers, and is arranged so that two or more mixers may operate to a tandem. 
[Claim 51 jThe compounding equipment according to claim 37 with which said one or more latter 
parts consist of the geared type said direction rotation twin screw extruders, different direction 
rotation twin screw extruders, or singie screw extruders. 

[Claim 52]The compounding equipment according to claim 37 with which said one or more latter 
parts consist of geared type said direction rotation twin screw extruders or both~way formula single 
screw extruders. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the method of manufacturing a thermosetting 

silicone composition continuously. 

[0002] 

[Description of the Prior Art]The thermosetting silicone composition contains the various additive 
agents which give desired final characteristics to hyperviscous silicone polymer, the inorganic filler 
for reinforcement, and processing aid and other constituents. If a vulcanized agent is added and a 
constituent is heat-hardened, a gasket, a medical tubing, and silicone rubber mold goods like a 
computer keypad can be manufactured. 

[0003]A thermosetting silicone composition is manufactured by mulling hyperviscous 
polydyorganosiloxane, an inorganic filler, and an additive agent usually by a batch type kneader like a 
high intensity Banbury mixer or a low-strength double arm type dough mixer. In this method, it mixes 
with a batch method until the characteristic of a request of polydyorganosiloxane, an inorganic filler, 
a processing agent, and an additive agent is obtained. In US,5198171,B besides Kasahara, the pre 
concentrate of polydyorganosiloxane, an inorganic filler, and a processing agent is formed by a high- 
speed mechanical shearing mixer. Compounding of the obtained premix is further carried out with 
the direction rotation twin screw extruder. A premix is formed in the first step that provides the 
fluid granulated mixture which mixes diorganopolysiloxane, Inorganic filler, and processing agent 
which have the viscosity more than 1x1 0 5 cP at 25 ** with a high-speed machine shearing machine, 
and in which each ingredient exists in the state of uniform fine dispersion substantially. 
Subsequently to the direction rotation 2 axis extruding kneading machine, a fluid granulated mixture 
is supplied with a fixed speed of supply. 

[0004] Long mixing time and a lot of energy are needed for a batch type process. In whole batch of a 
commercial scale, it becomes uneven, the particle size distribution of a filler becomes uneven, and 
shearing and elongation stress may produce variation in the characteristic. The batch processed at 
a different stage may differ in physical properties variously. A batch process consumes a labor, 
energy, and capital in large quantities, and, moreover, only produces the substance of the 
consistency in front of a limit. 

[0005]At US,5409978,B besides Hamada, the pre concentrate of polydyorganosiloxane, an inorganic 
filler, and a processing agent is formed at the temperature of about 200-300 ** with a said direction 
rotation 2 axis continuous extrusion machine. It ranks second, and compounding of the pre 
concentrate is carried out with a different direction rotation twin screw extruder, and it is heat- 
treated at 150-300 **. However, the process of requiring two extrusion machines is expensive, and 
needs a work area big moreover. 
[0006] 

[Problem to be solved by the inventionjHowever. the throughput is restricted by these methods. 
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While giving the throughput which improved, the method of fitting as a low cost process which is 
continuously consistent and can produce the silicone elastomer covering the whole region of 
hypoviscosity thru/or hyperviscosity from a filler, an additive agent, and polymer using a single 
extrusion machine efficiently is needed. 
[0007] 

[Means for solving problemjThis invention provides the method of obtaining the uniform fiiler 
combination thermosetting silicone composition which carries out compounding of the filler, 
processing fluid, and silicone polymer of a high level, and has the necessary reinforcement 
characteristic and volatile-matter-content level. In this method, a fiiler and silicone polymer are 
continuously supplied to a high-speed mixing stage, and a free fluid granular concentrate is formed. 
From a mixing stage, this concentrate is continuously discharged to compounding equipment, and 
processing treatment is further carried out to it. 

[0008]In another mode, this invention relates to the method of forming the premix of a filler and 
silicone polymer. In this method, a filler is mixed with silicone polymer by a continuation annular 
layer mixer, and this filler combination silicone polymer premix is discharged from a mixer. 
[0009]In another mode, this invention relates to the method of carrying out compounding of the filler 
combination thermosetting silicone composition. In this method, a filler is mixed with silicone 
polymer with about 3 - the element tip speed of about 100 m/s in a high-speed continuous mixer. 
Next, this premix is discharged to the processing treatment equipment of the following. 
[001 0]ln another mode, this invention relates to the continuation annular layer mixer which has the 
second section that contains at least the cutting element of the first section, a neutral, or an 
advance pitch containing the mixing element of an advance pitch, and the third section containing 
the mixing element of a reverse pitch one by one. 

[001 1]3n another mode, this invention relates to compounding equipment including a continuation 
annular layer mixer of the first step, and the one or more latter parts containing an extrusion 
machine connected with the first step so that a processing material could be continuously 
discharged from the first step to a second stage. 
[0012] 

[Mode for carrying out the invention]A Banbury mixer or a dough mixer is known as an object for 
batch type compounding of a filler and silicone polymer. This compounding work has two separate 
stages, a filler is soaked in polymer, on a second stage story, an aggregate is crushed finely and a 
filler is uniformly distributed in polymer in the first step. It is important that a filler fully distributes 
to polymer. Since a big aggregate which is not distributed may act as a defect which causes 
destruction, it will be inferior to a mechanical property. 

[0013]In a batch type or a continuous system process, a processing agent can be distributed 
together with silicone polymer before the time of addition of a fiiler, or addition. In these processes, 
big interface power occurs between silicone polymer and an unreacted silanol group of isolation 
which exists in a filler. For processing, a processing agent must be diffused in a lot of amount 
silicone polymer of polymers, must permeate stiffened silicone polymer / filler interface, and must 
reach a filler. It is necessary to increase mixing intensity so that a processing agent may permeate 
and big interface power for approaching a silanoi group may be overcome. Increase of mixing 
intensity causes a rise of inconvenient material temperature. 

[001 4]In this invention, a free fluid granular concentrate of silicone and a fiiler is formed 
continuously in a high-speed mixing stage. In order to carry out processing treatment of this 
concentrate further, it discharges from a mixing stage continuously to compounding equipment. The 
mixing stage shall consist of a continuation annular layer mixer. A continuation annular layer mixer 
includes a cylindrical shape mixing trough, and a mixed material contacts a cylindrical shape mixer 
wall, and follows a spiral course in accordance with a trough axis annularly. A typical continuation 
annular layer mixer is indicated by US,5018673,B besides Eric. A mixer which contains in this United 
States patent cylindrical shape housing arranged horizontally substantially is indicated, a material 
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supplying pipe for supplying material to the first end of housing continuously is formed, and a 
materia! exhaust pipe for taking out materia! continuously is formed in that second end. Cylindrical 
shape housing has surrounded mixed equipment arranged in this housing at the same axle. Mixed 
equipment may be driven at high speed. This equipment has projected [ to / from equipment / near 
the housing wall ] a mixed implement to an abbreviation radial direction including a mixed implement 
This mixer includes a supplying zone connected with a material supplying pipe, and a humidificafion 
zone established in the transportation direction lower stream of shaft orientations of a supplying 
zone. A means for making a liquid advance into annular material at this mixer is formed in a 
humidification zone. On a housing wall, annular material is conveyed spirally and moves in inside of a 
mixer. A mixer includes conglomerate separating mechanism further. This means is the cutting too! 
formed in a radial flat surface to a shaft of mixed equipment, and contains two or more cutting tools 
arranged at equal intervals over the perimeter of housing. 

[0015]According to one embodiment of this invention, a fine dispersion object of unhardened silicone 
polymer is formed in a filler of the specified quantity, using a continuation annular layer mixer as a 
reserve mixing stage. This material will rank second, and a phase transformation will be carried out 
under compression and extension / shearing flow field in an extrusion machine, it will be in a 
compound state, and a dry filler is in a minority group's phase. Mixing time within an extrusion 
machine is shortened by eburnation in the first step, and productivity is substantially improved by it. 
[0018]As long as an inorganic filler which can be used by this invention is an inorganic filler used for 
a blend with silicone polymer, what kind of thing may be sufficient as it. There is silica which carried 
out the surface treatment with an organic silicon compound like fumed silica, silica for reinforcement 
like precipitated silica or organopolysiloxane, organoaikoxysilane, organochiorosilane, or hexa 
ORGANO disilazane in an example of an inorganic filler. A filler may be diatomaceous earth, 
pulverizing quartz, an aluminum oxide, titanium oxide, iron oxide, cerium oxide, hydroxylation cerium, 
magnesium oxide, a zinc oxide, calcium carbonate, zirconium silicate, carbon black, or ultramarine. 
Since silicone polymer is reinforced, combination of a filler of a single kind or a filler can be used. 
[001 7] quantity of a filler — about 5 per silicone polymer 100 weight section - about 200 weight 
sections — desirable — about 10- it can be preferably considered as about 20 - about 60 weight 
sections about 100 weight sections. 

[001 8] A remains silanol group on the surface of a filler may govern intensity of a hydrogen bond with 
silica, hydroxyl of a silicone polymer chain, or an oxygen group. If a high-concentration remains 
silanol exists in a filler, "structure formation" or "crepe hardening" of a final product will be caused 
at the time of storage. This effect makes difficult processing of material after carrying out long-term 
storage. When concentration of silanol functional groups of a filler is too high, a silanol group can be 
lowered to required density by addition of a processing agent. The silanol reagin processing agent 
can react to an effective group, and the unit area (square NANOMETORU) per hydroxyl 8 [ about ] 
of a filler - two abbreviation can lower concentration to about 7 - three abbreviation preferably, 
surface treatment silica is a desirable filler in this invention — the quantity — per silicone polymer 
100 weight section — about 10- they are about 20 - about 80 weight sections preferably about 100 
weight sections. 

[QQ19]!f a processing agent is mixed to a filler, a silanol group of a filler can be reduced, time 
required for an improvement and/or aging of silicone rubber can be shortened for the dispersibility 
of a filler, and prevention and/or plasticity can be adjusted for crepe hardening. A processing agent 
can be made into an organosilane, a hypoviscosity poiysiloxane, or silicone resin, and has a silanol 
group and/or an alkoxy group with 1-6 carbon atoms. As an example, there are diphenyhSilang diol, 
dimethylsilane diol, methyl triethoxysilane, and phenyltrimethoxysilane. A hypoviscosity poiysiloxane 
may contain one or more kinds of organic groups chosen from a methyl group, a phenyl group, a 
vinyl group, and a 3,3,3-trifiuoropropyl group, viscosity of a poiysiloxane measured at 25 ** about 
1- they are about five to about 100 cP(s) preferably about 300 cP. a processing agent — 0.1 per 
filler 100 weight section - 100 weight section — desirable — 0.5- it can add in quantity of about 1.0 
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~ about 20 weight sections preferably about 50 weight sections. As a desirable siianoi reagin 
processing" agent, there are a silanol end poiydimethyi siioxane, octairtethylcyciotetrasiloxane (D4), 
and hexamethyidisilazane (HMDZ). 

[0020]Silicone polymer used for a constituent of this invention can be expressed with a repeating 

unit of the following formula I. 

[0021] 

hemical formula 1j 
r 



R O- 



R 1 



•Ss— — O— FT 



it I 

[0022]R 1 expresses C« 4 alkyl or a C 2 _ 4 aikyiene independently respectively among a formula, R 2 
expresses C< 4 alkyl, C._ 4 halo alkyl, or a C 2 „ 4 aikyiene independently respectively, R expresses H, 
alky!, a C 2 _ 4 aikyiene, C 4 _. 6 cycloalkyl, OH, or C t „ 4 halo alkyl independently respectively, and n 
expresses an integer of 1000-20000. 

[0023]As for a still more desirable constituent R f expresses CH 3 or CH^CHg independently 
respectively, R 2 expresses CH 3 , CH=CH 2 , or CH 2 CH 2 CF 3 independently respectively, Silicone 
polymer as which R 3 expresses CH 3 , CH=CH 2 , OH, or CH 2 CH 2 OF 3 independently respectively, and n 
expresses about 4000 - about 10000 integer is included. 

[0024] According to another embodiment, a constituent whose vinyl contents of silicone polymer are 
about 0.05 of silicone polymer - 0.5 weight % of abbreviation is provided. 
[0025]A heat-resistant improver [ like a metaled oxide, hydroxide, and fatty acid salt ] whose 
thermosetting silicone composition is, Other additive agents like a vulcanization return inhibitor, fire 
retardant like a platinum compound, an antitarnish agent, a plasticizer like silicone oil, an internal 
release agent like metallic soap, paints, and a color may be included. 

[0026]Although I will become clear [ the feature of this invention ] from attached Drawings and the 
following detailed explanation, these are for illustrating an embodiment of this invention, and do not 
limit this invention. 

[0Q27] Drawi ng 1 shows an outline of a method of this invention. 

[0028]By drawing 1 , equipment of this invention contains the high-speed mixing stage 12 and the 
extrusion machine stage 14. A continuation annular layer mixer may be sufficient as it, and even if 
the high-speed mixing stage 12 is a single mixer, they may be two or more mixers arranged in series. 
The extrusion machine stage 14 can be made or more [ of the geared type said direction rotation 
twin screw extruder, a different direction rotation twin screw extruder, or a single screw extruder ] 
into one. Preferably, the extrusion machine stage 14 is the geared type said direction rotation twin 
screw extruder or a both-way formula single screw extruder. When an extrusion machine stage 
contains two or more extrusion machines, it can connect with series or a tandem. 
[0029]In the method of this invention, a filler is accommodated in the iossHn-quantlty feeder 1 8, 
and is supplied to the mixing stage 12 with the silicone polymer 20 and the processing agent 22 18. 
[0030]In the mixing stage 1 2, polymer, a filler, and a processing agent are given to powerful power at 
high speed, and produce the free fluid powder premix 24. Material is ground finely, and while covering 
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a filler with polymer, in order to soak material in a processing agent, suitable tip speed and holding 
time are needed. What is necessary is just to mix material with about 3 - the element tip speed of 
about 100 m/s, in order to form a premix, desirable — element tip speed — about 10 - about 80 
m/s — desirable — about 15™ it is about 80 m/s. Holding time is time taken for material to pass a 
mixer. Holding time can be made into about 3 seconds - about 5 minutes (min) when using a single 
mixer, the holding time about a single mixer — about 5s- they are about 20 s ~ about 45 s 
preferably about 1 min. The mixing stage 12 may contain two or more mixers, when using two mixers 
in series, the holding time about two sets may be about 5s- about 10 min — carrying out — or 
holding time — about 10s- it can be preferably referred to as 20 s - about 3 min about 5 min. In the 
mixing stage 1 2, tap density 0.3 [ about ] - about 0.6 or about 0.35 - about 0.55, further 0.36 - about 
0.48 output may be produced. 

[0031]Storage distribution may be carried out in order to be also able to use the premix 24 for a 
convenient thing with a continuous magnetization method (it illustrated like) or to use it for it later. 
The premix 24 is supplied to the extrusion machine stage 14 by drawing 1 , compounding is carried 
out to the additive agent 26 there, volatile matter content is removed, and the thermosetting 
silicone polymer constituent 30 is produced. 

[0032]Another embodiment of this invention is shown in drawing 2 . The equipment 50 of drawing 2 
contains the continuation annular layer high speed mixer 52 and the second mixer 54 arranged in 
series. In order to extend holding time and to obtain a premix with little variation, two or more 
mixers may be used. Equipment of dra win g 2 contains the extrusion machine 56 and the extrusion 
machine 58 connected in series downstream from the mixers 52 and 54. 
[0033]In a method shown in drawing 2, weighing of the filler 82 is carried out with the loss~in~ 
quantity feeder 60, and it puts into the first mixer 52, and mixes with the polymer 62 and the 
processing agent 66. Output of the mixer 52 is supplied to the mixer 54 by 68, and the free fluid 
powder premix 70 arises there. It is supplied to the extrusion machine 56, and in order to carry out 
filler processing further there, an additional processing agent is added by 72. In order to 
manufacture low durometer material, additional polymer (not shown) may be added in this stage. 
Processing aid and other additive agents are added in this stage 74, the output 76 is acquired, it is 
supplied to the extrusion machine 58, and volatile matter content is excluded by 78. What is 
necessary is just to use it, since the thermosetting silicone polymer constituent 80 is obtained with 
the extrusion machine 58. 

[0034]A continuation annular layer mixer and an attached element are shown in drawing 3 - drawing 
8. 

[0035]A processing element with which a mixer which can be used by this invention can be equipped 
is shown in drawing 4 and drawing 5 . Drawing 3 is a side elevational view of the continuation annular 
layer mixer 102 in which arrangement of an element of drawing 4 and drawing 5 is shown. 
[0036]By drawing 3 , the mixer 102 contains in a center the cylindrical shape housing 104 which has 
the longitudinal direction shaft 106. As for the housing 104, both ends are closed by the end wail 
108,1 10. The shaft 108 penetrated both ends of the housing 104, has projected, and is closed by the 
end wall 108,1 10. The material supply port 112 is attached to the upper part of the housing 104, and 
are open to a nearly contacting line direction toward housing 104 inside, A lower end of the housing 
104 is equipped with the outlet 1 14 toward an inside of the housing 104 in a nearly contacting line 
direction, and it is wide opened from an inside of the housing 1 04. 

[0037]A processing element of various designs is provided in the shaft 108 of the mixer 102. 
Drawing; 4 extends from the rotating shaft 106, and shows the mixing element 116 which has 
projected radially from the shaft 106 within the continuation annular layer mixer 102 of drawing 3 . 
The mixing element 116 has aligned at intervals of 90 degrees in shaft orientations as it is shown in 
****, drawing 7, and drawing 8 at the shaft 106, i.e., a longitudinal direction axis. The mixing element 
1 1 6 contains the stem 1 1 8 which extends from the base 120 to the distance sector head 1 22 of a 
termination, The illustrated mixing element 116 extends vertically to the base 120, and has the 
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paddle head 122 to which an angle was attached. According to a case, since the element 116 
increases comparatively a conveyance (promotion) function or a back-mixing function, it is fixed to 
the base 1 20 by a predetermined head helix angle, explanation of a pitch with various elements and 
a function is boiled and explained with reference to drawing 8 - drawing 9 later. 
[0038]It extends in drawing 5 f rom the base 128, and the cutting element 124 radially prolonged from 
the shaft 106 within the mixer 102 is shown in it. the cutting element 124 contains the stem 128 — 
the distance head 136 — the outside — opening (130) — it cuts off the corners inside (132) and 
the cutting edge 134 is made. The illustrated element 124 has extended vertically. Since the element 
1 24 adjusts a carrying function and a back-mixing function so that it may explain with reference to 
drawing 6 - drawing 9 , it can be fixed by a predetermined cutting edge helix angle. The element 124 
has aligned at intervals of 90 degrees in shaft orientations as it is shown in **** and drawing 8 at 
the shaft 106, i.e., a longitudinal direction axis. 

[0039]Drawing 8 is an approximate account figure of an element, and shows a pitch of an element 
about the mixer shaft 106. In the first supply section (the first section) 138 of the mixer 106 shown 
in drawing 8 , the mixing element 140 which set a head to the axial transportation direction 142 is 
formed. The filler / processing agent / silicone polymer of a raw material are supplied to the first 
section 138 of the mixer 108 via the feed hopper 112 shown in drawing 3 , and is accelerated and 
conveyed by the mixing element 140 in the axial transportation direction 142. Drawing 8 shows a 
pitch of the element heads 122 and 136 seen from an axis formed with the longitudinal direction axis 
152 of the mixer shaft 108, and is defined by size drawing 9 of a pitch. An element with not less 
than 90-degree the helix angle below 180 degrees gives a carrying function, and an element with 0- 
degree or more the helix angle below 90 degrees gives a retaining function. The mixing element 140 
has estranged the mixing element 1 40 at intervals of about 90 degrees in accordance with the 
circumference of the shaft 108 as it has extended to near the housing 104 wail so that a dead space 
may not be produced, and shown in drawing 7 , 

[0040]The mixing element 140 is set to a transportation direction at an angle of about 138 degrees 
from perpendicularly it defines as the compass 148 of drawing 9 . In accordance with the longitudinal 
direction axis 150 of a mixer shaft, the vertical axis 152 of the horizontal axis 148 is vertical to the 
axis 1 50 at drawing 9 . A centrifugal force arises, material is thrown off by rotation of the 
conveyance element 140, and it becomes an annular form by a radial outer edge of the element 140 
by it Subsequently, an annular feed material will follow mixer 102 inside spirally with a pitch of the 
element 140. 

[0041]The second section 154 of the mixer 102 contains the cutting element 158 which has a pitch 
with a transportation direction angle of about 118 degrees from a perpendicular. The cutting element 
158 is estranged at an angle of about 90 degrees to a circumferenciai direction by the shaft 106 
circumference as it is shown in d raw ing 9 with the conveyance element 140, and it has extended to 
near the wall of the housing 104 so that a dead space may not be produced. The element 158 
achieves an operation which separates a conglomerate of material and promotes **** of a filler. 
[0042]The third section 158 contains the conveyance element 180 of a reverse pitch in order to aim 
at extension of back mixing and holding time, 

[0043]According to one embodiment of this invention, the continuation annular layer mixer 102 has 
at least the first section containing a mixing element, the second section containing a cutting 
element, and the third section containing a mixing element one by one. This section may be added to 
an above-mentioned mixing element or a cutting element, and may contain other elements. For 
example, the second section may contain a cutting element and a mixing element. The first section 
may contain an element of an advance pitch, the second section may contain a front element and a 
neutral element, and the third section may contain an element of a reverse pitch so that it may 
increase holding time. The whole element of the continuation annular layer mixer 102. What consists 
of about 5 - the first section element of 80% of abbreviation, about 1 0 - the second section element 
of 85% of abbreviation, and about 0 - the third section element of 75% of abbreviation may be used, 
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May consist of about 10 - the first section element of 85% of abbreviation, about 10 - the second 
section element of 85% of abbreviation, and about 10 - the third section element of 75% of 
abbreviation desirably, and, It may consist of about 15 - the first section element of 55% of 
abbreviation, about 10 - the second section element of 45% of abbreviation, and about 20 - the third 
section element of 85% of abbreviation preferably. 

[0044]The first section 1 38 where drawing 6 shows one embodiment of this invention, and the 
continuation annular layer mixer 102 consists of the mixing element 140 of an advance pitch, It has 
the second section 1 54 that consists of the cutting element 1 56 of an advance pitch, and the third 
section 158 that consists of the mixing element 180 of a reverse pitch one by one. A termination of 
the mixer 102 is good also as the fourth section 182 that consists of the cutting element 164 of a 
reverse pitch for discharging a premix, and the following neutral element 1 68 as shown in drawing 8 . 
The second section 154 may contain the mixing element 186 of an advance pitch. 
[0045]5n this invention, what unhardened silicone polymer distributed minutely in a filler of the 
specified quantity is obtained by carrying out preliminary mixing by a continuation annular layer 
mixer. This material will rank second, and a phase transformation will be carried out under 
compression and extension / shearing flow field in an extrusion machine, it will be in a compound 
state, and a dry filler is in a minority group's phase. Mixing time is shortened by ebumation of a filler 
within an annular layer mixer, and productivity is substantially improved by it. 
[0046]These features and the other features will become clear from the following detailed 
explanation that describes the desirable embodiment of this invention in the sense of illustration, 
without limiting. In the following embodiments, premix quality is characterized with the particle size 
in tap density, BET surface area, a solution, and the end of dried powder. A premix material is 
inspected by the scanning electron microscope, the transmission electron microscope, and a 
compression test. 
[0047] 

[Working example]The element of composition of having indicated to Table 1 is provided in an 
example 1 Drees (Drais)KTT continuation annular layer mixer. 

Table 1 ele me nt number / explanation ang le * theory . ** 1 139 Front conveyance and mixing 
element . 2 1 36 front conveyance and mixing element 3. 139 Front conveyance and mixing element 4 
135. Front conveyance and mixing element 5 119 Front conveyance / cutting element 8 117 Front 
conveyance / cutting element 1 122 Front conveyance and mixing element 8 82 Back mixing 
element 9 68 Back mixing element 10. 71 Back mixing element 1 1 70 Back mixing element . 12 70 
back mixing element 13 69. Back mixing element 14 89 Back mixing element . 15 67 Back mixing 
element 18 87 Back mixing element 17 124 Front conveyance / cutting element 18 185 Angle from 
the perpendicular defined by the compass 148 of neutral cutting element * drawing 9 (degree) 
Use the Doling (Doering) pump (p= 240 psi) for the above-mentioned mixer, and silicone raw rubber 
is supplied to it at 40 pounds (lbs/hr)/o 'clock in speed, Pretreatment fumed silica is supplied at the 
rate of 80 Ibs/hr using a loss-in-quantrty type AKURISON (Acrisson) feeder. Any feed is a room 
temperature. A mixer is operated by 3000 rpm and the amperages 15.5-16.5. Discharging 
temperature is raised to 81-89 degrees F, and shell temperature is kept at about 73 degrees F. A 
sample whose tap density is seven, 0.40~0.42, is prepared. 

[0048]The Drees mixing stage of Example 1 is repeated using 83 copies of example 2 fumed silica, 
and 100 copies of polymer crude rubber. Promptly, feed output of the Drees mixing stage into a 
Banbury mixer, and Methoxy distal flow object processing agent 2.5 copy, After carrying out 
compounding to 2,5 copies of a silanol fluid processing agent / processing aid, and 0.8 copy of vinyl 
methoxysilane cross linking agent, it is made to harden for 10 minutes at 350 degrees F using 1.2 
copies of catalysts, and postcure is carried out at 450 degrees F.Physical properties acquired with 
75 durometer products are shown in Table 2. 

[0049]A filler and polymer are directly put into a Banbury mixer, compounding is carried out to the 
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same material, and it is made to harden like Example 2 for example 3 comparison. Physical 
properties acquired with 75 durorneter products are shown in Table 2. 

A table 2 character /' example 23 Shore A hardness 72 76 It is extended and is 395, 388 100% 
modulus 322" 355 Tensile 1277 1302 **** B 148 153 Specific gravity 1.226 1 .203-example 83 copies 
of 4 fumed silica, and 100 copies of polymer crude rubber. It uses and the Drees mixing stage of 
Example 1 is repeated. Output of the Drees mixing stage is promptly fed into a Banbury mixer, and 
compounding is carried out to methoxy distal flow object processing agent 2.5 copy, 2.5 copies of 
silano! fluid processing agents / processing aid, and 0.8 copy of vinyl methoxysilane cross linking 
agent. Compounding of the sample which consists of such materials is carried out with a Banbury 
mixer of various RPIVf. A sample which carried out compounding is stiffened for 1 2 minutes at 260 
degrees F by 1 .5 copies of 2,4-dichiorobenzyl peroxide. Postcure of the obtained sheet-shaped 
sample is carried out at 200 ** for 4 hours. Physical properties over 75 durorneter sample are 
shown in Table 3. 

Table 3 charac ter / example RPM 1 400200028003200_Shore A hardness 76 77 75 75 It is extended 
and is 324. 347~308 323 100% modulus 410 407 385 366 Tensile 1327 1398. 1210 1220 **** B 134 
126 126 130 Specific gravity 1.207 1.209 1.198 The Drees mixing stage of Example 1 is repeated 
using 1.1 99- example 6 3 copies of 5 f umed silica, and 100 copies of polymer crude rubber. After 
feeding the output of the Drees mixing stage into the geared type said direction rotation twin screw 
extruder continuously and carrying out compounding to it, it supplies to a both-way formula single 
screw extruder continuously, and uniformity and stripping are performed. The ultimate product 
includes three copies of sources of methylvinyl as 1.35 copies of vinyldiol cross linking agents, 2.0 
copies of silano! fluid processing agents / processing aid, and a cross linking agent/plasticlzer. 
Output is volatile-matter-content <1%. Output is stiffened for 17 minutes at 260 degrees F by 1.5 
copies of 2,4-dichlorobenzyl peroxide. Postcure of the product sheet is carried out at 200 ** for 4 
hours. The physical properties in 75 durorneter sample are shown in Table 4. 
[0050]The Drees mixing stage of Example 1 is repeated using 61 copies of example 6 fumed silica, 
and 100 copies of polymer crude rubber. After feeding output of the Drees mixing stage into the 
geared type said direction rotation twin screw extruder continuously and carrying out compounding 
to it, it supplies to a non-engagement type different direction rotation twin screw extruder 
continuously, and uniformity and stripping are performed. An ultimate product includes 0.5 copy of 
source of methylvinyl as 1 .0 copy of a siSanoi fluid processing agent / processing aid, and a cross 
linking agent/piasticizer. Output is volatile-matter-content <1%. Output is stiffened for 17 minutes 
at 280 degrees F by 1.5 copies of 2,4-dichlorobenzy! peroxide. Postcure of the product sheet is 
carried out at 200 ** for 4 hours. Physical properties in 40 durorneter sample are shown in Table 4. 
a table — 4 character / example 56 Shore A hardness 70.1 being extended 37.8 — 327 519 100% 
modulus 420 108 tension! 487 1078 **** B 123 69 specific-gravity 1.21 1.108 — as a result of 
these shows, If a premix is prepared continuously in a high-speed mixing stage, a free fluid granular 
concentrate is formed and it supplies to compounding equipment continuously, a thermosetting 
silicone composition can be prepared. 

[0051]Although a desirable embodiment of this invention has been described, change and correction 
are possible for this invention, and it is not limited to details of an embodiment This invention 
includes change and change belonging to Claims. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.in the drawings, any words are not translated. 



TECHNICAL FIELD 

[Field of the Invention]This Invention relates to the method of manufacturing a thermosetting 
silicone composition continuously. 
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PHSUK AK i 



[Description of the Prior Art]The thermosetting silicone composition contains the various additive 
agents which give desired final characteristics to hyperviscous silicone polymer, the inorganic filler 
for reinforcement, and processing aid and other constituents. Sf a vulcanized agent is added and a 
constituent is heat-hardened, a gasket, a medical tubing, and silicone rubber mold goods like a 
computer keypad can be manufactured. 

[QOQSjA thermosetting silicone composition is manufactured by mulling hyperviscous 
polydyorganosiloxane, an inorganic filler, and an additive agent usually by a batch type kneader like a 
high intensity Banbury mixer or a low-strength double arm type dough mixer. In this method, it mixes 
with a batch method until the characteristic of a request of polydyorganosiloxane, an inorganic filler, 
a processing agent, and an additive agent is obtained. In US.5198171.B besides Kasahara, the pre 
concentrate of polydyorganosiloxane, an inorganic filler, and a processing agent is formed by a high- 
speed mechanical shearing mixer. Compounding of the obtained premix is further carried out with 
the direction rotation twin screw extruder. A premix is formed in the first step that provides the 
fluid granulated mixture which mixes diorganopolysiloxane, inorganic filler, and processing agent 
which have the viscosity more than 1x10 5 cP at 25 ** with a high-speed machine shearing machine, 
and in which each ingredient exists in the state of uniform fine dispersion substantially. 
Subsequently to the direction rotation 2 axis extruding kneading machine, a fluid granulated mixture 
is supplied with a fixed speed of supply. 

[0004]Long mixing time and a lot of energy are needed for a batch type process. In whole batch of a 
commercial scale, it becomes uneven, the particle size distribution of a filler becomes uneven, and 
shearing and elongation stress may produce variation in the characteristic. The batch processed at 
a different stage may differ in physical properties variously. A batch process consumes a labor, 
energy, and capital in large quantities, and, moreover, only produces the substance of the 
consistency in front of a limit. 

[0005]At US,5409978,B besides Hamada, the pre concentrate of polydyorganosiloxane, an inorganic 
filler, and a processing agent is formed at the temperature of about 2QQ-300 ** with a said direction 
rotation 2 axis continuous extrusion machine. It ranks second, and compounding of the pre 
concentrate is carried out with a different direction rotation twin screw extruder, and it is heat- 
treated at 150-300 **. However, the process of requiring two extrusion machines is expensive, and 
needs a work area big moreover. 
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TECHNICAL PROBLEM 



[Problem to be solved by the invention]However, a throughput is restricted by these methods. While 
giving a throughput which improved, a method of fitting as a low cost, process which is continuously 
consistent and can produce a silicone elastomer covering the whole region of hypoviscosity thru/or 
hyperviscosity from a filler, an additive agent, and polymer using a single extrusion machine 
efficiently is needed. 
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MEANS 



[Means for solving problem]This invention provides the method of obtaining the uniform filler 
combination thermosetting silicone composition which carries out compounding of the filler, 
processing fluid, and silicone polymer of a high level, and has the necessary reinforcement 
characteristic and voiatile-matter-content ievel. In this method, a filler and silicone polymer are 
continuously supplied to a high-speed mixing stage, and a free fluid granular concentrate is formed. 
From a mixing stage, this concentrate is continuously discharged to compounding equipment, and 
processing treatment is further carried out to it 

[GGQ8]In another mode, this invention relates to the method of forming the premix of a filler and 
silicone polymer. In this method, a filler is mixed with silicone polymer by a continuation annular 
layer mixer, and this filler combination silicone polymer premix is discharged from a mixer. 
[0009]In another mode, this invention relates to the method of carrying out compounding of the filler 
combination thermosetting silicone composition. In this method, a filler is mixed with silicone 
polymer with about 3 - the element tip speed of about 100 m/s in a high-speed continuous mixer, 
Next, this premix is discharged to the processing treatment equipment of the following. 
[0010]In another mode, this invention relates to the continuation annular layer mixer which has the 
second section that contains at least the cutting element of the first section, a neutral, or an 
advance pitch containing the mixing element of an advance pitch, and the third section containing 
the mixing element of a reverse pitch one by one. 

[001 1]In another mode, this invention relates to compounding equipment including a continuation 
annular layer mixer of the first step, and the one or more latter parts containing an extrusion 
machine connected with the first step so that a processing material could be continuously 
discharged from the first step to a second stage. 
[0012] 

[Mode for carrying out the invention]A Banbury mixer or a dough mixer is known as an object for 
batch type compounding of a filler and silicone polymer. This compounding work has two separate 
stages, a filler is soaked in polymer, on a second stage story, an aggregate is crushed finely and a 
filler is uniformly distributed in polymer in the first step. It is important that a filler fully distributes 
to polymer. Since a big aggregate which is not distributed may act as a defect which causes 
destruction, it will be inferior to a mechanical property. 

[0013]In a batch type or a continuous system process, a processing agent can be distributed 
together with silicone polymer before the time of addition of a filler, or addition. In these processes, 
big interface power occurs between silicone polymer and an unreacted silanol group of isolation 
which exists in a filler. For processing, a processing agent must be diffused in a lot of amount 
silicone polymer of polymers, must permeate stiffened silicone polymer / filler interface, and must 
reach a filler. It is necessary to increase mixing intensity so that a processing agent may permeate 
and big interface power for approaching a siiano! group may be overcome. Increase of mixing 
intensity causes a rise of inconvenient material temperature. 
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[0014]In this invention, a free fluid granular concentrate of silicone and a filler is formed 
continuously in a high-speed mixing stage. In order to carry out processing treatment of this 
concentrate further, it discharges from a mixing stage continuously to compounding equipment. The 
mixing stage shall consist of a continuation annular layer mixer. A continuation annular layer mixer 
includes a cylindrical shape mixing trough, and a mixed material contacts a cylindrical shape mixer 
wall, and follows a spiral course in accordance with a trough axis annularly. A typical continuation 
annular layer mixer is indicated by US,5018673,B besides Eric. A mixer which contains in this United 
States patent cylindrical shape housing arranged horizontally substantially is indicated, a material 
supplying pipe for supplying material to the first end of housing continuously is formed, and a 
material exhaust pipe for taking out material continuously is formed in that second end. Cylindrical 
shape housing has surrounded mixed equipment arranged in this housing at the same axle. Mixed 
equipment may be driven at high speed. This equipment has projected [ to / from equipment / near 
the housing wall ] a mixed implement to an abbreviation radial direction including a mixed implement. 
This mixer includes a supplying zone connected with a material supplying pipe, and a humidification 
zone established in the transportation direction lower stream of shaft orientations of a supplying 
zone. A means for making a liquid advance into annular material at this mixer is formed in a 
humidification zone. On a housing wall annular material is conveyed spirally and moves in inside of a 
mixer. A mixer includes conglomerate separating mechanism further. This means is the cutting tool 
formed in a radial flat surface to a shaft of mixed equipment, and contains two or more cutting tools 
arranged at equal intervals over the perimeter of housing. 

[0015]According to one embodiment of this invention, the fine dispersion object of unhardened 
silicone polymer is formed in the filler of the specified quantity, using a continuation annular layer 
mixer as a reserve mixing stage. This material will rank second, and a phase transformation will be 
carried out under compression and extension / shearing flow field in an extrusion machine, it will be 
in a compound state, and the dry filler is in a minority group's phase. The mixing time within an 
extrusion machine is shortened by eburnation in the first step, and productivity is substantially 
improved by it. 

[001 6] As long as the inorganic filler which can be used by this invention is an inorganic filler used 
for the blend with silicone polymer, what kind of thing may be sufficient as it. There is silica which 
carried out the surface treatment with an organic silicon compound like fumed silica, silica for 
reinforcement like precipitated silica or organopolysiloxane, organoalkoxysilane, organochlorosilane, 
or hexa ORGANO disilazane in the example of an inorganic filler. A filler may be diatomaceous earth, 
pulverizing quartz, an aluminum oxide, titanium oxide, iron oxide, cerium oxide, hydroxyiation cerium, 
magnesium oxide, a zinc oxide, calcium carbonate, zirconium silicate, carbon black, or ultramarine. 
Since silicone polymer is reinforced, the combination of the filler of a single kind or a filler can be 
used. 

[0Q17]the quantity of a filler — about 5 per silicone polymer 100 weight section - about 200 weight 
sections — desirable — about 10™ it can be preferably considered as about 20 - about 60 weight 
sections about 100 weight sections. 

[0018]The remains silanol group on the surface of a filler may govern the intensity of a hydrogen 
bond with silica, the hydroxy! of a silicone polymer chain, or an oxygen group. Sf a high-concentration 
remains silanol exists in a filler, "structure formation" or "crepe hardening" of a final product will be 
caused at the time of storage. This effect makes difficult processing of the material after carrying 
out long-term storage. When the concentration of the silanol functional groups of a filler is too high, 
a silanol group can be lowered to required density by addition of a processing agent. The silanol 
reagin processing agent can react to an effective group, and the unit area (square NANOMETORU) 
per hydroxyl 8 [ about ] of a filler - two abbreviation can lower concentration to about 7 - three 
abbreviation preferably, surface treatment silica is a desirable filler in this invention the quantity 
— per silicone polymer 100 weight section — about 10- they are about 20 - about 80 weight 
sections preferably about 100 weight sections. 
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[001 9]If a processing agent is mixed to a filler, the silano! group of a filler can be reduced, time 
required for an improvement, and/or aging of silicone rubber can be shortened for the dispersibiiity 
of a filler, and prevention and/or plasticity can be adjusted for crepe hardening. A processing agent 
can be made into an organosilane, a hypoviscosity polysiloxane, or silicone resin, and has a silanol 
group and/or an alkoxy group with 1™8 carbon atoms, As an example, there are diphenyl-Silang diol, 
dimethylsiiane diol, methyl triethoxysilane, and phenyltrimethoxysilane. The hypoviscosity 
polysiloxane may contain one or more kinds of organic groups chosen from a methyl group, a phenyl 
group, a vinyl group, and a 3,3,3-trifluoropropyi group, the viscosity of the polysiloxane measured at 
25 — about 1- they are about five to about 100 cP(s) preferably about 300 cP. a processing 
agent — 0.1 per filler 100 weight section - 100 weight section — desirable — 0.5- it can add in the 
quantity of about 1 .0 - about 20 weight sections preferably about 50 weight sections. As a desirable 
silanol reagin processing agent there are a siianol end polydimethy! siloxane, 
octamethylcyclotetrasiloxane (D4), and hexamethyidisilazane (HMDZ). 

[0020]Silicone polymer used for a constituent of this invention can be expressed with a repeating 

unit of the following formula I. 

[0021] 

[Chemical formula 1] 



•Si— O- 



R 



R 



■Si O R 



[0022]R 1 expresses C 1-4 alky! or a C 2 _ 4 alkylene independently respectively among a formula, R- 
expresses C t _ 4 alkyl, C t _ 4 halo alkyl, or a C 2 _ 4 alkylene independently respectively, R expresses H, 
C^q alkyl, a C £ „ 4 alkylene, C 4 _ 6 cycloalkyl, OH, or C^ 4 halo alkyl independently respectively, and n 
expresses an integer of 1000-20000. 

[0023]As for a still more desirable constituent, R 1 expresses CH 3 or CH~CH 2 independently 
respectively, R 2 expresses CH 3 , CH=CH 2 , or CH 2 GH 2 CF 3 independently respectively, Silicone 
polymer as which R 3 expresses CH 3 , CH~CH 2 , OH, or CH 2 CH 2 CF 3 independently respectively, and n 
expresses about 4000 - about 10000 integer is included. 

[0024] According to another embodiment, the constituent whose vinyl contents of silicone polymer 
are about 0.05 of silicone polymer - 0,5 weight % of abbreviation is provided. 
[0025]A heat-resistant improver [ like a metaled oxide, hydroxide, and fatty acid salt ] whose 
thermosetting silicone composition is, Other additive agents like a vulcanization return inhibitor, fire 
retardant like a platinum compound, an antitarnish agent, a plasticizer like silicone oil, an internal 
release agent like metallic soap, paints, and a color may be included, 

[0026]A!though I will become clear [ the feature of this invention ] from attached Drawings and the 
following detailed explanation, these are for illustrating the embodiment of this invention, and do not 
limit this invention. 

[0027] Drawing 1 shows the outline of the method of this invention. 

[0028]By drawing 1 , the equipment of this invention contains the high-speed mixing stage 12 and 
the extrusion machine stage 14. A continuation annular layer mixer may be sufficient as it, and even 
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if the high-speed mixing stage 12 is a single mixer, they may be two or more mixers arranged in 
series. The extrusion machine stage 14 can be made or more [ of the geared type said direction 
rotation twin screw extruder, a different direction rotation twin screw extruder, or a single screw 
extruder ] into one. Preferably, the extrusion machine stage 14 is the geared type said direction 
rotation twin screw extruder or a both~way formula single screw extruder. When the extrusion 
machine stage contains two or more extrusion machines, it can connect with series or a tandem. 
[0029]In a method of this invention, a filler is accommodated in the loss-in-quantity feeder 1 8, and 
is supplied to the mixing stage 12 with the silicone polymer 20 and the processing agent 22 18. 
[0030]In the mixing stage 12, polymer, a fiHer, and a processing agent are given to powerful power at 
high speed, and produce the free fluid powder premix 24, Material is ground finely, and while covering 
a filler with polymer, in order to soak materia! in a processing agent, suitable tip speed and holding 
time are needed. What is necessary is just to mix material with about 3 - element tip speed of about 
100 m/s, in order to form a premix. desirable — element tip speed — about 10 ~ about 80 m/s — 
desirable — about 15- it is about 80 m/s. Holding time is time taken for material to pass a mixer. 
Holding time can be made into about 3 seconds - about 5 minutes (min) when using a single mixer, 
holding time about a single mixer — about 5s- they are about 20 s - about 45 s preferably about 1 
min. The mixing stage 12 may contain two or more mixers, when using two mixers in series, holding 
time about two sets may be about 5s- about 10 min — carrying out — or holding time — about 
10s- it can be preferably referred to as 20 s - about 3 min about 5 min. In the mixing stage 12, tap 
density 0.3 [ about ] - about 0.8 or about 0.35 - about 0.55, further 0.36 - about 0.48 output may be 
produced. 

[0031]Storage distribution may be carried out. in order to be also able to use the premix 24 for a 
convenient thing with a continuous magnetization method (it illustrated like) or to use it for it later. 
The premix 24 is supplied to the extrusion machine stage 14 by drawing 1 , compounding is carried 
out to the additive agent 28 there, volatile matter content is removed, and the thermosetting 
silicone polymer constituent 30 is produced. 

[0032]Another embodiment of this invention is shown in drawing 2 . The equipment 50 of drawing 2 
contains the continuation annular layer high speed mixer 52 and the second mixer 54 arranged in 
series. In order to extend holding time and to obtain a premix with little variation, two or more 
mixers may be used. The equipment of drawing 2 contains the extrusion machine 56 and the 
extrusion machine 53 connected in series downstream from the mixers 52 and 54. 
[0033]In the method shown in drawing 2 , weighing of the filler 82 is carried out with the loss-in- 
quantity feeder 60, and it puts into the first mixer 52, and mixes with the polymer 62 and the 
processing agent 86. The output of the mixer 52 is supplied to the mixer 54 by 68, and the free fluid 
powder premix 70 arises there. It is supplied to the extrusion machine 56, and in order to carry out 
filler processing further there, an additional processing agent is added by 72. In order to 
manufacture low durometer material, additional polymer (not shown) may be added in this stage. 
Processing aid and other additive agents are added in this stage 74, the output 78 is acquired, it is 
supplied to the extrusion machine 58, and volatile matter content is excluded by 78. What is 
necessary is just to use it, since the thermosetting silicone polymer constituent 80 is obtained with 
the extrusion machine 58. 

[0034]A continuation annular layer mixer and an attached element are shown in drawing 3 - drawing 
8. 

[0035]The processing element with which the mixer which can be used by this invention can be 
equipped is shown in drawing 4 and drawing 5 . Drawing 3 is a side elevational view of the 
continuation annular layer mixer 102 in which arrangement of the element of drawing 4 and drawing 
5Js shown. 

[0036]By drawing 3 , the mixer 102 contains in the center the cylindrical shape housing 104 which 
has the longitudinal direction shaft 106. As for the housing 104, both ends are closed by the end wall 
108,110. The shaft 108 penetrated the both ends of the housing 104, has projected, and is closed by 
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the end wall 108,1 10. The material supply port 112 is attached to the upper part of the housing 104, 
and are open to the nearly contacting line direction toward housing 104 inside, The lower end of the 
housing 104 is equipped with the outlet 114 toward the Inside of the housing 104 in the nearly 
contacting line direction, and it is wide opened from the inside of the housing 104. 
[0037]The processing element of various designs is provided in the shaft 108 of the mixer 102. 
Drawing 4 extends from the rotating shaft 108, and shows the mixing element 118 which has 
projected radially from the shaft 108 within the continuation annular layer mixer 102 of drawing 3. 
The mixing element 1 1 8 has aligned at intervals of 90 degrees in shaft orientations as it is shown In 
drawing 7 , and drawing 8 . at the shaft 106, i.e., a longitudinal direction axis. The mixing element 
118 contains the stem 118 which extends from the base 120 to the distance sector head 122 of a 
termination. The illustrated mixing element 116 extends vertically to the base 120, and has the 
paddle head 1 22 to which the angle was attached. According to a case, since the element 1 1 6 
increases comparatively a conveyance (promotion) function or a back-mixing function, it is fixed to 
the base 1 20 by a predetermined head helix angle, explanation of a pitch with various elements and 
a function is boiled and explained with reference to drawing 6 - drawing 9 later. 
[0038]It extends in djraw]ngJ_from the base 128, and the cutting element 124 radially prolonged from 
the shaft 108 within the mixer 102 is shown in it. the cutting element 124 contains the stem 128 — 
the distance head 138 — the outside — opening (130) — it cuts off the corners inside (132) and 
the cutting edge 1 34 is made. The illustrated element 1 24 has extended vertically. Since the element 
1 24 adjusts a carrying function and a back-mixing function so that it may explain with reference to 
drawing 6 - drawing 9 , it can be fixed by a predetermined cutting edge helix angle. The element 1 24 
has aligned at intervals of 90 degrees in shaft orientations as it is shown in **** and drawing 8 at 
the shaft 106, i.e., a longitudinal direction axis. 

[0039]Dr awing 6 is an approximate account figure of an element, and shows the pitch of the element 
about the mixer shaft 108. In the first supply section (the fsrst section) 138 of the mixer 106 shown 
in drawing 6 , the mixing element 1 40 which set the head to the axial transportation direction 1 42 is 
formed, the filler / processing agent / silicone polymer of a raw material are supplied to the first 
section 138 of the mixer 106 via the feed hopper 112 shown in drawing 3, and is accelerated and 
conveyed by the mixing element 140 in the axial transportation direction 142. Drawing 6 shows the 
pitch of the element heads 122 and 136 seen from the axis formed with the longitudinal direction 
axis 1 52 of the mixer shaft 1 08, and is defined by size drawing 9 of a pitch. The element with not 
less than 9Q~degree the helix angle below 1 80 degrees gives a carrying function, and the element 
with Q~-degree or more the helix angle below 90 degrees gives a retaining function. The mixing 
element 140 has estranged the mixing element 140 at intervals of about 90 degrees in accordance 
with the circumference of the shaft 108 as it has extended to near the housing 104 wall so that a 
dead space may not be produced, and shown in drawing 7 . 

[0040]The mixing element 140 is set to a transportation direction at an angle of about 138 degrees 
from perpendicularly it defines as the compass 148 of drawing 9 . In accordance with the longitudinal 
direction axis 150 of a mixer shaft, the vertical axis 152 of the horizontal axis 148 is vertical to the 
axis 1 50 at drawing 9 . A centrifugal force arises, material is thrown off by rotation of the 
conveyance element 140, and it becomes an annular form by a radial outer edge of the element 140 
by it. Subsequently, an annular feed material will follow mixer 102 inside spirally with a pitch of the 
element 140. 

[0041 ]The second section 154 of the mixer 102 contains the cutting element 156 which has a pitch 
with a transportation direction angle of about 118 degrees from a perpendicular. The cutting element 
158 is estranged at an angle of about 90 degrees to a circumferencial direction by the shaft 106 
circumference as it is shown in dra wing 9 with the conveyance element 140, and it has extended to 
near the wall of the housing 104 so that a dead space may not be produced. The element 158 
achieves an operation which separates a conglomerate of material and promotes **** of a filler. 
[0042]The third section 158 contains the conveyance element 180 of the reverse pitch in order to 
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aim at extension of back mixing and holding time. 

[0043] According to one embodiment of this invention, the continuation annular layer mixer 102 has 
at least the first section containing a mixing element, the second section containing a cutting 
element and the third section containing a mixing element one by one, This section may be added to 
an above-mentioned mixing element or cutting element, and may contain other elements. For 
example, the second section may contain the cutting element and the mixing element. The first 
section may contain the element, of the advance pitch, the second section may contain the front 
element and the neutral element, and the third section may contain the element of the reverse pitch 
so that it may increase holding time. The whole element of the continuation annular layer mixer 102. 
What consists of about 5 - the first section element of 80% of abbreviation, about 10 - the second 
section element of 85% of abbreviation, and about 0 - the third section element of 75% of 
abbreviation may be used, May consist of about 10 - the first section element of 65% of 
abbreviation, about 10 - the second section element of 65% of abbreviation, and about 10 - the third 
section element of 75% of abbreviation desirably, and, It may consist of about 15 - the first section 
element of 55% of abbreviation, about 10 - the second section element of 45% of abbreviation, and 
about 20 ~ the third section element of 65% of abbreviation preferably. 

[0044]The first section 1 38 where drawing 6 shows one embodiment of this invention, and the 
continuation annular layer mixer 102 consists of the mixing element 140 of an advance pitch, It has 
the second section 1 54 that consists of the cutting element 1 58 of an advance pitch, and the third 
section 158 that consists of the mixing element 160 of a reverse pitch one by one. The termination 
of the mixer 102 is good also as the fourth section 162 that consists of the cutting element 164 of 
the reverse pitch for discharging a premix, and the following neutral element 1 68 as shown in 
drawing 6 . The second section 154 may contain the mixing element 166 of the advance pitch. 
[0045]In this invention, what unhardened silicone polymer distributed minutely in the filler of the 
specified quantity is obtained by carrying out preliminary mixing by a continuation annular layer 
mixer. This material will rank second, and a phase transformation will be carried out under 
compression and extension / shearing flow field in an extrusion machine, it will be in a compound 
state, and the dry filler is in a minority group's phase. Mixing time is shortened by eburnation of the 
filler within an annular layer mixer, and productivity is substantially Improved by it. 
[0046]The$e features and the other features will become clear from the following detailed 
explanation that describes the desirable embodiment of this invention in the sense of illustration, 
without limiting. Sn the following embodiments, premix quality is characterized with the particle size 
in tap density, BET surface area, a solution, and the end of dried powder. A premix material is 
inspected by the scanning electron microscope, the transmission electron microscope, and a 
compression test 
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* NOTICES * 

JPO and INPST are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3,In the drawings, any words are not translated. 



EXAMPLE 



[Working example] An element of composition of having indicated to Table 1 is provided in an 
example 1 Drees (Drais)KTT continuation annular layer mixer. 

A table 1 element number / explanation angle * theory . ** 1 1 39 Front conveyance and mixing- 
element . 2 1 36 front conveyance and mixing element 3. 1 39 Front conveyance and mixing element 4 
135. Front conveyance and mixing element 5 119 Front conveyance / cutting element 8 117 Front 
conveyance / cutting element 1 122 Front conveyance and mixing element 8 82 Back mixing- 
element 9 88 Back mixing element 10. 71 Back mixing element 1 1 70 Back mixing element . 12 70 
back mixing element 13 69. Back mixing element 14 69 Back mixing element . 15 67 Back mixing 
element 1 6 67 Back mixing element 1 7 1 24 Front conveyance / cutting element 18 1 85 An angle 
from a perpendicular defined by the compass 146 of neutral cutting element * drawing 9 (degree) 
Use the Doling (Doering) pump (p= 240 psi) for the above-mentioned mixer, and silicone raw rubber 
is supplied to it at 40 pounds (lbs/hr)/o'clock in speed, Pretreatment fumed silica is supplied at the 
rate of 60 Ibs/hr using a loss~in~quantity type AKUR1SON (Acrisson) feeder. Any feed is a room 
temperature. A mixer is operated by 3000 rpm and the amperages 15.5-18.5. Discharging 
temperature is raised to 81—89 degrees F, and shell temperature is kept at about 73 degrees F. The 
sample whose tap density is seven, 0.40-0.42, is prepared. 

[0048]The Drees mixing stage of Example 1 is repeated using 63 copies of example 2 fumed silica, 
and 100 copies of polymer crude rubber. Promptly, feed the output of the Drees mixing stage into a 
Banbury mixer, and Methoxy distal flow object processing agent 2.5 copy, After carrying out 
compounding to 2.5 copies of a silanoi fluid processing agent / processing aid, and 0.8 copy of vinyl 
methoxysilane cross linking agent, it is made to harden for 10 minutes at 350 degrees F using 1.2 
copies of catalysts, and postcure is carried out at 450 degrees F.The physical properties acquired 
with 75 durometer products are shown in Table 2. 

[0049]A filler and polymer are directly put into a Banbury mixer, compounding is carried out to the 
same material, and it is made to harden like Example 2 for example 3 comparison. The physical 
properties acquired with 75 durometer products are shown in Table 2. 

Table 2 character / exam ple 23 Shore A hardness 72 78 It is extended and is 395. 368 100% 
modulus 322 355 Tensile 1 277 1302 **** B 148 153 Specific gravity 1.226 1 ,203-example 63„copjes 
of 4 fumed silica, and 100 copies of polymer crude rubber. It uses and the Drees mixing stage of 
Example 1 is repeated. The output of the Drees mixing stage is promptly fed into a Banbury mixer, 
and compounding is carried out to methoxy distal flow object processing agent 2.5 copy, 2.5 copies 
of silanoi fluid processing agents / processing aid, and 0.8 copy of vinyl methoxysilane cross linking 
agent. Compounding of the sample which consists of such materials is carried out with the Banbury 
mixer of various RPM. The sample which carried out compounding is stiffened for 12 minutes at 260 
degrees F by 1 .5 copies of 2,4~dichlorobenzyl peroxide. Postcure of the obtained sheet-shaped 
sample is carried out at 200 ** for 4 hours. The physical properties over 75 durometer sample are 
shown in Table 3. 
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A table 3 char acter / exa mple RPM 1 400200028003200 Shore A hardness 76 77 75 75 It is extended 
and is 324. 347 308 323 100% modulus 410 407 385 366 Tensile 1327 1398. 1210 1220 **** B 134 
126 126 130 Specific gravity 1.207 1.209 1.198 The Drees mixing stage of Example 1 is repeated 
using 1.199- exampie 63 cop ies of 5 fumed silica, and 100 copies of polymer crude rubber, After 
feeding output of the Drees mixing stage into the geared type said direction rotation twin screw 
extruder continuously and carrying out compounding to it, it supplies to a both-way formula single 
screw extruder continuously, and uniformity and stripping are performed. An ultimate product 
includes three copies of sources of methylvinyS as 1.35 copies of vinyldiol cross linking agents, 2.0 
copies of silanol fluid processing agents / processing aid, and a cross Sinking agent/plasticizer. 
Output is volatile-matter-content <1%. Output is stiffened for 17 minutes at 260 degrees F by 1.5 
copies of 2,4-dichlorobenzyi peroxide. Postcure of the product sheet is carried out at 200 for 4 
hours. Physical properties in 75 durometer sample are shown in Table 4. 

[OOSOjThe Drees mixing stage of Example 1 is repeated using 61 copies of example 6 fumed silica, 
and 100 copies of polymer crude rubber. After feeding the output of the Drees mixing stage into the 
geared type said direction rotation twin screw extruder continuously and carrying out compounding 
to it, it supplies to a non-engagement type different direction rotation twin screw extruder 
continuously, and uniformity and stripping are performed. The ultimate product includes 0.5 copy of 
source of methylvinyl as 1.0 copy of a silanol fluid processing agent / processing aid, and a cross 
linking agent/plasticizer. Output is volatile-matter-content <1%. Output is stiffened for 17 minutes 
at 260 degrees F by 1 .5 copies of 2,4-dichlorobenzyl peroxide. Postcure of the product sheet is 
carried out at 200 ** for 4 hours. The physical properties in 40 durometer sample are shown in 
Table 4. 

a table — 4 character / example 56 Shore A hardness 70.1 being extended 37.8 ~ 327 519 100% 
modulus~420 108 tension 1467 1078 **** B 123 69 specific-gravity 1.21 1.106 — as the result of 
these shows, If a premix is prepared continuously in a high-speed mixing stage, a free fluid granular 
concentrate is formed and it supplies to compounding equipment continuously, a thermosetting 
silicone composition can be prepared. 

[0051]Although the desirable embodiment of this invention has been described, change and 
correction are possible for this invention, and it is not limited to the details of an embodiment. This 
invention includes the change and change belonging to Claims. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a schematic view of the continuation thermosetting silicone composition 
compounding method and equipment. 

[Drawing 2] It is a schematic view of the continuation thermosetting silicone composition 
compounding method and equipment, 

[D rawing 3] It is a side elevational view of a continuation annular layer mixer. 
[Drawing 4] It is a perspective diagram of a mixer element. 
[Drawing 5] It is a perspective diagram of a mixer element. 

[Drawing 6] It is an approximate account figure of an element and the pitch of the element is shown. 
[Drawing 7j lt is the approximate account figure seen through the A-A line of drawing 3, 
[Drawin g 8] It is the approximate account figure seen through the B-B line of drawing 3 . 



[Drawing 9] It is the standard compass for determining the pitch of an element 
[Explanations of letters or numerals] 
12 High-speed mixing stage 
14 Extrusion machine stage 
18 and 60 Loss-in-quantity feeder 
20 Silicone polymer 
22 and 68 Processing agent 
24 and 70 Free mobility premix 
26 Additive agent 

30 and 80 Thermosetting silicone polymer constituent 

52 Continuation annular layer high speed mixer 

54 The second mixer 

56 and 58 Extrusion machine 

82 Filler 

102 Continuation annular layer mixer 

104 Cylindrical housing 

108 Central lengthwise direction shaft 

112 Material supply port 

114 Outlet 

118,140 mixing elements 

118,128 Stem 

122 End sector head 

124,158 Cutting element 

1 34 Cutting edge 

138 Supply (first) section 

142 Shaft-orientations transportation direction 
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1 54 The second section 
158 The third section 

1 60 The conveyance element of a reverse pitch 
1 62 The fourth section 
1 64 The cutting element of a reverse pitch 
168 The mixing element of an advance pitch 
168 Neutral element 
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DRAWINGS 
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[Drawing 5] 




[Drawing 7] 
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I mm 1 6 ] flH&MBCRJf S ^r-t-fT^W?^ 
-> y a - y jK y v~ t ^ 5 i ft<rmwmix-m& 
Lt/!/«77X^ML, 

ri/ 5 77 xmm-jy^y-r < ymmm&th 

ztz^AsXxch, mm9m.<?ym. 

mm 1 7 ] iieatimi s ^r-^xmm 

is y a - y;K 'J 7' t » 2 0 -15 4 5 #(?)}f W^fMlTii 

•&LT7-y$7 7X£Jgj£U 

7-y s 7 7 xs-irie^ yA>>- yf a yfim&wftt'b 

Z t . Hf^fi 9 IB»<0*ffi. 

[M*ia 1 8 1 SWEattiaittJiS^I^-**. fc 

t, a^iw y hfc-atrfs t?yayt«xw 

y b * *tfSCH: 7 >• a y k ft^x y 7 y h s #t?mH 

* 7 y 3 y > zim%ti , m*3a9f3»o*ffi. 
[ iiiRJi 1 9 ] fjf eaiMii-ixii s j ft-*\^<t 
t> . mrme 7 fwi^iw y i- S: m?®— fe7 y a y 
kfrilt 0 7 ^c^-HiBfx y a y a— h 9/t^Srx 
wyh& -i-osr-te 7 y h y t ftii 1 7 f-«?lir>x y 
y y h Sr-ttfsz-te 7 y 3 y t zmmti . mm 9 

i mm 2 o ] m^mmw s * -t-^ . ^5-^ 

80%«i-t?7a yxv^yft^l0~^8 5% 
cO»Z-fe 7 y h y x I- 7 y N k » 0 7 5 %<03SZ-fe 

7 y a yx u 7 y 1- k ^-^X7C^ § , 11*^ 1 9 iBKco 

[ 2 1 1 m&tmmm s *s» 1 0 - 

$^6 5 7 y 3 yx u .7 y \-tmi 0 6 5 
%<?)SIZ.-fe 7 y 3 yx L--7 y 1- 1 m 1 0 7 5 %<?>m 
E*7y 3 yxiy :/ |y7^77Ctl>, mmi 9fB 

[ if 2 2 ] bWB»SS«« s«-*\»:i5 - 
^5 5%0:S--b7y3yxk^>i-kl'U O-fM 5 
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%<mZM?v a y b fc^2 0 5%<0$ 

Z-te? y 9 >xwyh fc . t**« 1 9 IB 

mm 2 3 1 mmmm s «rjte<y 

t<0«x y y y r-xafijl tr -y r«?I#xy y Mr 
*tf *KH: ? >' a >' t> 3 A> t 4 . M$3 1 9 IE 

[ 2 4 ] ftme4&Mbtt$' U 3 -yffljfi!* 
TV 3 7 ?*£&Wfln:i^SfcSfifr*«. £ fc 3r*/ZC£ 

2 5 ] -M&m&mm 1 O S O m/ s 

MSlR2 4e«<3m 

[ m** 2 6 3 ®mm&%m 15 -mo m / s 

I»«2 4f2««*ffi, 

[ n*« 2 7 ] ^«g2^«fkttv U3- ymm 
wmoTv .3 7 ? x **i6-c* -> t , mm 

mmm s y y 3 - y* u v-t 

3E*Mia^y 'J n-y;K D ?-■/!/ S «y ? x 5 

frt>m-t& £ fc £&x/t&i>m 

[M$32 9 ] fjierys >y?.xfc«iU Sfcteiii 
Ii"4fc«xOE«fclB»-t4. 7lEttW*i6. 
HIHBH3 0 ] KffirvS -y?Xfc#&U Sfcfcio 

[W*IS3 1 ] f|Kfr< fc t> . l^Xl/^y h£*tf» 
— t?y 3 >fci7]|Sfxy.x y hfc#t?SBZ-fe?y g yfc 

i&iw yb* *t»is=-fe ? y a y fc SJB*^T* 

[ If *S 3 2] >jrtt < fc & . iMfct >y f-<oa^x y;* 
y h ? y a y fc tit -y -wiiii/.^ y 

h xh - rj. - b 5 /yfljffix i, * y h # triSZ-fe 9 y a 
y fc ?« e -y f-^m^x M^h fc #tf mz-fe y 3 y 
fc * fflRkktt h .. mm. 3 1 ta«<?>MSSttr« 5 * 

[M*IS3 3 ] #75~#8 §%®m-*t9 is b /IV 

y y }■■ fc ^ i 0 ~$ 8 5 %co^z-fe ? y 3 yx y y >• t- 

fc $ 0 -tt 7 5 %(7)^Z-fe :7 y a >'X y X > h fc $: kA, 

[»*-Il3 4 3 »1 0-H»6 5%«SS— b^yayx 
y V >mi 0 — |g 6 5%<?)W.ZM? y g >l!/;< y 

hfcftii o~^7 5%<7)S&fc?yayxy*yhfc£ 
mtm35] m 5^55%^- te^y 3 yx 



W/h^jio -15 4 5 %comz-te ? y g yxv^ y 
h fc # 2 0 6 5 %cmz-fe ? y a yx y ^ y h fc * 

imm.3 6 1 wattry-f^fljBrx^ v hxmm 

f7f«I.#xl/.?ty K^t?«:»-fe^ya yfc^^t 

[r»JM3 7 ] m-mmmm 5 ^~fc . 

3B:r:»f^m-S*^^zst5i^Wtd#tHT* 4 <t a 

t^*3 y^' r > y-r y^'Mi. 

[ a« 3 8 ] s . ^ < 

fc i> , ia^x y ^ y 1- **trtS— fe ^ y a y fc «i l- 
y h Sr-^tf^Z-fe :? y 3 y fc M^x y ;^ y f Sr 

z-fe ^ y 3 y fc , 3 7 £»<03 y^ < 

^y-f^y^mi. 

t a*^ 3 9 j m-memm®. 5 ^ -t- *\ ^ < 

i t, .. ff« tr -y ^-(DM^-x y^yhSr #t?^ fe ?y 3 

y fcrn-ifc* v+rtmz*'* y hxa-A- h 5;H»iir 
iw y b t*tr»Z"fe ^ y a y fcfiBBt -y f-«ofi&x 
y^ y h **tr»H-fe ? y 3 y fc S-Ji^'t I s if« 
3 7 fd«<7) 3 y / y f < y 

m s 0 fe 9 y a yx y.x > >• ,t 15 1 0 ~~m s 5 
%«m.:::-fe ? y a yx y^ y h t ^ 0 7 5 %w.^z 
t^y 3 yxw y )- fc i ^-C5r & , fttii 3 7 tat 
ionyt') y-r -f y^H., 

iwmm s 3 »-s«iW5^-^ tti 0 

~*& 6 5 % com fc ? y a y x y ^ y h fc ® 1 0 6 

5 %<?)Sz-fe ? y a y x y x y h fc ® 1 0 7 5%<o 
mz-fe ? y a y x y^ybfc fc^T 3r4 . W*iR 3 7 

[IW5S4 2 3 Sfr-gW>aiJWtt5*lh-**. »l 5 
-^55 fe ^ y 3 yxyy y ht^iOH^4 

5 %<omz-fe ? y 3 y x yy y h fc *j 2 0 6 5 %<o 
mz-t 7 y 3 yx y y y h fc fc-^/^T* & , if 3 7 
iatoay/^yf^ yr$m» 

7f»»x!/^ y hxtiaatf >yf-<?)?M^xy^ y h 
^triftSf-fe^ygytS^fc^TV^. ««3 7 
EijtfO 3 y> <■■? y r f y . 
[JM5B4 4 3 ffKf^xyy y i-y;oyz,W y 

m»m< t fc fctrtWfcsnRo ^ti-c^^^t. it 

ms 8aett»;?y^r>y T z yygE 0 
[ ^*Jg4 5 3 «SlgZS*fli-&SiB!73i6J EPRZiW 

wmte^AX'^h. mm3 itm^ymynu 



:(4) 001-3 15 117 ( P 2 0 0 I - 3 1 5 1 1 7 A } 



y^m:. 

ms®4 7 ] mmmmmmm-mx-hz . m 
ms immiv^y-T a y 
m&m s ] msmmmtxm-mx'hh . m 
m.3 7ia«c7):2 >myr4 y??m, 

[ mm 5 o i m-mmmco s 

s*ith*, mm 3 7 taoa y^ yf * y?m. 

s. 

5 1 3 Ma i tJ.i:«aai»w^aiB]*f6iiH!K 

, IHSRJH3 7K»tf>3 y^>f -f y*fSH. 

[ liSJi 5 2] Mia i ja±<o»g*«l^fin*rsj [5l«c 

[0001] 
[0002] 

lUffiy^-viMii mats' 
J:d*^U3-y Ajftftffi £ tBSH" £ i >: £ . 

[0003] m>m.yv z-ymmt. mm, m 
m^'j v*)Vfis*su*-*ry, mmmtrnwrnm* 

~<nl -) *.'N'-y 1 1 J; -jTBS 

Sit*. Z</xmxn, *fjyW./yn^-t>, 38 

?A 7 f-^fS^-tS . K a s a h a r afl&OtffelStt 
1^5 19817 l-^T'is. ■XV i J*}Vtf./yu*-y 

y. mmmmmmmr^y-t v m>- h « 
mmmm $ ^-x-mm-fi . 5 * 

7 x £ R^BKDNfffflftTS ^3 wnv? yr >• 
7 th . TU 5 -y ?*l±, 2 5°CT 1 x 1 0 & c PfiLh 

xmmm^zMmmimiz-mmmmrcmfrt 

i. 

[0004] ^y^-Artstxum^m,^mrnk±R 



J3S» U L ?p h M-i-z Pl-W- ^* 9 9 tfo 3 y y x t y y — 

[0005] Hamad af&^Mr!*SS5 4 0 9 9 7 

y n*-y y . mtmttmmmnrv 3 y* y i v 

-• t- 2 0 0 - 300 V<7)Ul£XB&t& , ?V 3 > 

•t >• i- hSr^ •TS*rfltsiKz«ff mm y> w 

>-7 ; -f >'^LT 1 5 0-3 0 O'CT^Wt*. 
[0006] 

[0007] 

*3Ef^ffi^^btt^y3-yffi«^#*^fe^fS 

mM^mitmm^mtxmmmm^y^ 

y h V~ V Zffifcft . C:c7)3 >• -fe yhv-h Sr^-^a 
*>fea w« yf a yrmizmmizmiii IX $ 

[ooos] mmmx-ii*w>m. mMty y a- 

w*ts-c»4, as»Kii s ^-x-itm* * y 3~y 
; i y i; ^ l . :. vrfimtfZls >■■ y 3- y ?k y v- 

7*1/ 5-/7 X* 5 dfif-*»t»ai't4 . 

[0009] mm®x-mmiim®w.-&%mm. 

i^y3 - y ffij^Hi jayA'^yf^m 77ffit Mt 

[ooio] mmmxii^mm\ >j?%<ti>. m 
e «y^<7)^x i-A y h s-^tr*—fe ? -> a y fc - j 

1 ^/t-XUWat y f-c7)^|!rxy ^ y Mr *tf|gZ-fe 7 

y g y k f -y f-os-^x u>- y i -t ti-^H-t ? y 
[ooii] z t 3 izrAco*mx'ii*mn±, m--mM 
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[0012] 

[^toStSfc^JB] £«S»fc y >J rr-y#y v-<DA 
yf-staw^r-f y^ffli: LT^'y^y-s^-- 
Xit F >s ; s 6 tit v ^ . £*>a yvt? yf 4 

»lt mm * # u v- «f s s . 

x^A±^mmMi, m&m&z-tmt lx 
m ifrh%vwxmmwm£%& z t 

[0013} ) <y ^Xmm^TQ-tXTit. xMM 

mmmxiimammmm * y y a - >*• u v~ 1 - 

l-t , mw. tfz y y 3 - y# y ^-/mwmiym 
ix%mmi%m%%t^\ mwwimtx 

o izmmmmmwh t . ?s^«««^t±^s 

[0014] *»wrti . y ] J2-y t asmo s m 

wtottKa >± y v v- y &mm$mmmtzB 

ZOuy-kyhV- h&ZUzmmtltz 

mormx* n w« y r < y?m.izmmm&-t 
o . m^mitmrn^-t-mtmixmrnz f ? 

-if-fiE r i ctt^aKEBWSFftS 0 1 867 3#tWS 
*ufc mm> v^J^fctrS* V-ifisffiZtlX h 

9 , ^jyfm-m&mmmmirzwm-h 
wxommm tm.ii hti. * <m~<m\zmm 
mmz® o fttKfrnmm&wmvhiix^i. 
mm^^ym. w ^ >yymzmmizMmzti 
tcm^m.m/ix^ , mitmrnmrnx-mmL® 

nvjymm&< txfmwmzmmix^?,. z 

Y~y<r>mmmmrmzmf^ivrz)mY-y 
bz&A,x'^h. mzwmtm* 
izmx s izto<r&mmEtY- yizmi *>iix v * 



[0015] *«0-o<?3^Jiff#JT'ii:.. 31i|ii«Ji 
TTfflS:li LX a yn*y y*mt%<0. 

~y^y -v- fc «7-y y f tfltffl S^^*«S3l5^tt Xh 

mi zli£ h ore b x v ^ . mmmm-mz i± .. t * •- 

A F y 'J*«y 'J 3 ^r»Mx 'J^, ^ »tt 

jf^/^u yn^-y, ^^yr;w3Jf yy^y, 
jjvMfy 7 p n y 5 yxJ±-\^-9-.*n-v5V y y 5-f y«o 
x 5 %mk?4 mit-tMxmm ttc y u * *<* s . 

■\w-y. mm. mitw/^ mitw?j*. m 

;w-'7A, ti- #y xuaweft <y 

[ 0 0173 3£#Hwft{±s y y a-yriv} 1 0 0 

0 1 0 0 m I < 14*5 2 0 ~» 6 0 «ftgi5 

[0018] *«tt*ffl««Hif^9>'-;UaO:. S^'J* 

fcyy 3-y,-K>j v-iscot Hp*y;ysxi»«fc 
«*SWS^<03MESSiWi TiTfiBtt*** & . 5E«WtiSi 

y 5 j -ivmmiri t mmzmmm 

-r, zmmi. mmmixzmmmaxmm 
iz-t&. nmmyy ;->vgmmmmmm'&®} 
^■s wmomatx *)~>?/~->mmmmtx'T 
n% z t tfx-% i. yy s~~n>K®mmffli*tmmt 
Km bxwmjtmm mmm c ¥*t / * - f ) 

m 0 1 F ndf 8 2 fe-i t < {4^ 7 - 

»3Ii:tw i fc #?s s . afSi^ny y^^#^ 
tw*;^t* 9 . e^fitiy y 3~y?K 
yv-i ooiiS;K?)gio-eiooiii, «f 
4t<ii*52o-HB6o a«rc * i> . 
[ooi93 mmzmmmiattiif, %m<r>^ 
yj-ivrnzumu mmmmmmm/xit 
o 3->*j*<^-*jyy&&mmimmu 9 
v-xmitm±R!//xmmmwmtiz t vx 
%h> vmM±*)v?ijyyy, mm*9yv*-fy 
x\±y y a-y®mt t& z t tfx-% . yy j-)um 
if/ximmm^ 1 ~ 6 « tjv x*ym & s . « 
t lt v y^x-jy-y^vyt-wy y^-^Fy^y 
: J*—)V. x -f-/i t- y x f * y y 5 ys.1/7 x -/i- F y 
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urn wwfc&^aHRSits i wms±*Xiwm*t 

silt! i 3 o o c p . m i- < urn 5 ~$ ioocp 
-efts, xnbnmu ■mnioo-mmm'oo. i~ 

1 0 OiLMk S*L<liO . 5~H»5 osasi?. ff* 

t < mu . 0 2 0 ssgi^fi-c^iii t#s . *m 

L v > v 9 / ~^RlS#®»j k IX a . >- 5 J 

t" V y >' f-;L-> a # f ■ y , >t ? ? ?ofh5y 

n^r-ty (D4) &tf^*?X ^friSisJVy (HMD 

z) tfht. 

[ 0 0 2 0 ) immmm^zm^htihi'V n-y* 
y v-i±aw)9* 1 ^«L»fflr*-tc: k * : "t* t . 

[00213 

Hfcl] 



Si- 



-Si- 



[ 0 0 2 2 3 R 1 $t&!~ C , . ,, T)V*)VX\Z 

c , H r^Jf y >• ■** L , r 2 m.iz c , . 4 TA^ 

3 l£g-*3fcW;:H.. c 1 . 10 ?' , /u^. c 2 _ 4 r;i^i-->\ 
C 4 .. 6 y?nT;W/K O HXJJC ,. 4 Aa7^^Mli 
U nJil 000-2000 0<9fi»£SH\ 

[0023] ztiizm i\mmm. r> 

iZC H 3 Xii C H = C H 2 £• is L . PJ ®MZC 
H 3 , CH = CH 2 XJiCH 2 CH,CF 3 £«U R*## 
^&*KCH 3s CH = CHj, OHXIiCH 2 CH 2 CF 
3 £3*1 , n *«»4 0 0 0-H& 1 0 00 O^mX^mt 
Wa-yi$W-*lsts. 

[00 24] S^MmrciJ:. yU3-y^r/-© 
h"--:.;!xt,-S;P>- U 3 - y* U 0. 0 5~~**J 0 . 

5'SLst%x"'fo%> mmmm 

[0025] »«ffc'if i-'U n-yilREtjii.. &Htf>IHt 
y y^-f 4^4 o %«tWA. WAM^X -) 
[0026] «8J!cO«mi±^«-«BBnfcaT<?)P»5r 

* wst § i <?>x*mm h i> <vxm 



[oo27] hi vmmmvmzfk?. 
[oo28] h i x\ xmrtmmimm&m 1 2 1 

i»«fciMttfc«R«5^ Thoxi>£VK mm 

m&mxiimmmn 1 ELht-r* - 1 #-c# « . 
»*t,<«, ffas«s 1 4«i«^Miii*i&f!afez«iiipaj 

mxte?>rMzimi® 

[0029] xmn-mx'te. ■■: -? 

~i&!/:Mmnn. ~> u 3 -- y y v- 2 0 »y®ffiw 

2 2>:^fel8-e^gl 2tzmztis>. 

[oo3o] mm 2X'\z. itmtmf® 
*>y ^-Tisn-f h 1 1 uzm^mmxmwi 

•y^Xi-JfMI-^Wi, *53~^1 0 Om/seO 

y h 1 0-^8 0 m/ s ., »t L < (i 

» 1 5 -HIS 6 0 tn/s T'ftS . jfS^lSIWMWS ^-tf 

-taaw i»fc3M-4BSRrr* & . #-o s ^-y-~^ 
#4. s *?-iz~~A rc^mmmm 5 s-hb 

1 m i n . »t t < tift 2 0 s -~#>4 5 s k L«l» . M 

1 2 ii»<?) 5 # f - & ^"CV ct v \, 2 Otf) 
S^t-IWCtffit^*^, 2feHC'.->WC«j»^ 
ffl?i^ 5 s -Hfi 1 0 m i n fft -5 T i V > t . ^iisf 
WIStlife 10sHS5 m i n . »t L < U 20s J 
3m i nk L#4. 2XU-. ^^JBJO. 

3~»0. 6. Xfi^O, 3 5 -#30. 5 5 . §*>W± 
0. 3 6~tt0. 4 8«04j®fc££fc#4. 
[00 31] «F«g^ - k . 7* 1" 5 -y 7X2413 (H 
*LfcX9ic) am-t'ffiffl-ri. •Hk&T'S Si. 
ii«T-«ffit*^ftt»««fB t'Cijct^', 111 XTU 

$v?x2 4 nmmm 1 4 tzmzti. zzxmm 

26b3>w>-r<y?'%ti. »%fttmfrtix. » 
mm.y y 3 - y y 3 0 1 1 . 

[00 32] (32 1, *^<DSij^«»llf*f. i3 

2 <mm. 5 0 siasis^iia a s * *r~ 5 2 k un t e 

aSTXfcm::» 5 dft- 5 4k *^rv^ . if ®nf B 

2 QKJk?) S £fTOLT£si:V\ gJ2 «s . 
-5 2 , 5 4<DTarcfi0|te^U:#aj«5 6 

[0033] 02 fcS^ifef ii - M*7 * 6 0 
t'3E«S6 2 ?rff* LTt(-0 5 df*- 5 2 KAftT^ 
•J"?— 6 2 &t^5!^? 6 6k mt h . SdrU--52tfy 
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&jm£ 5 X-t- 5 4 fc 6 8 X'&ia I , ZZT&fkm 
6**71/ 5. y 7 X 7 0 t & . **l£#Hill 5 6 

i£>'.-pa[tt"3i.sn«;}-°y?- (Wmttt) &to£x 

.it«tj7 6 snrc -efi*#as«5 8«it 7 
8T#^-f m< . mm5 sxmft&^w-y* 

1 0 0 3 4 1 0 3 hi s t , awmts 5 fc ft* 

[00 35] H4fttfH5fc, **figrCttfflbfiN& 

y~izmmimtoxxi>* > h *m. H3a. 04 
atxa 5 y hcvmm^tm&mm s *tr- 

[ 0 0 3 6 3 B3T\ S^-t-- 1 0 2\±ty-b\Z&ttfa 

i--f 7 b i o 6 ^^rt-i. nmw> ^^/io4m 

A^y'y/i 0 4&WWM1 08, 110 
TftthSftTV^. y+7h 1 06W^ ; Jy?l 04 

wwss^jratTiigtffiTfco, si 0 8, 1 1 or 
wjtsfi-o**. A^yy?* 1 0 4<7)±.mim.mm 

□ 3. 1 2«;0l't5t^il"Cr'TA' 1 7i/>^l 0 4|*]||ifc 

Tmzw^fy? 1 o 4<r>nu\zm^xmmxn 

IZMIR P 1 1 4 » 4 'ffi. fefvt V vtA"7 y>/ 1 0 4 sort 

C 0 0 3 7 ] %%m<7)t&xx.)s* y htfi*-*- i 
0 2<D^7M06Ki(t^, 04J;t EWgy-* 
7 M 0 6*»fcMftU I3«a»i5^-t- 1 0 
2fttyt7!- 1 0 6frh*®1}MZ$S*£X^m-& 
xy7.vh 1 1 6£^"f, l^lWyh 1 1 
7 h 1 0 6';>* 0«**|6Hlfc«T, H7S.t/Bi8t^ 
-fffl'9W:m&Jt9 0° imeS0iJtyO>*. Miw 
y M 1 6te<-X 1 2 OfrkWf$0&®MB^~/ V 1 
2 2 4Tffift^-SXrAl 1 8£*X/CH4. B>7>Uc 

IMwyh 1 1 6!i k-x 1 2 o tfcffcaste 

gftt, ftJK^ft^fcA'K;^? F 1 2 2Srfc"9. xy 

xyM 1 6», «^tjstTs mm (®&) mmxn 

-X 1 2 0 fciB£S*ll> , xy.X y h«f«4-t'7 

iii^ift^itrtii 6 -si 9 2r#gg lt izmmtz . 

[ 0 0 3 8 J 11 5 , <--X 1 2 6 *» & m& I s 5 
-10 2 rtty-v 7 S- 1 0 6 *»6¥aar|6|fcgtf * w 
xw y M 2 4 Sr^f o Wfxyy y |- 1 2 4«„ X 
TA 1 2 8£-&A/Clvt-£ 7>31{]y\7 H l 3 6 T^Mffifc 
iK ( 1 3 0 > fc *>K|*J8gteWXD (13 2) %hX 

fc®£l/t^&. iwyl 1 2 4 Li, 06 9 *r# 

sLTM^rs j: -) izwmmmsm,£im$:m-t 



hiztbiffi£coq)mx-v yt° 7 f-^T1I$gl#& , xy.x 
y h 1 2 4 7 M 0 e-oi *)W£-ft®mz%LX s 

[0039] H6«ixiy^ y hc7)W«^ars> 0 , s 
*-9--y-v 7 h 1 0 6 izmt&x.ux y F!7)f-y-r^7K 
tfV^. Bj6tC*rt5df9--l 0 6«0l^--c?)«fe:? 

y a y (SS t^ygy) 1 3 8Tii, ^-y F£«HRS2s 

77!*] 1 4 2 K-t 7 h ItzM^xUX y M 4 0 jj*Rtt^> 

fix v > s . mm<?)3£mt/wm\/ y y 3 - y# y 

530 3 fcifMP 1 1 2 i&^> LT 5 *■*)■- 1 0 6 <0» 
— ty'yg yi 38icft^sn. a^xy^yb 1 4 0 

•Cf»l*f6]14 2tM$fLffil§a«., 06ii, 5 
^t-yt7 )- 1 0 6 0j%f7jrfi]#l 5 2'CII)t§tLS. 
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1. Title of Invention 

CONTINUOUS PREPARATION OF HEAT-VULCANIZABLE SILICONE 

COMPOSITIONS 

2, Claims 

1. A process of compounding a filled heat-vulcanteable silicone 
composition, comprising: 

continuously feeding filler and silicone polymer to a high speed mixing 
stags to form a free-flowing paniculate concentrate; and 

continuously discharging said fres-flowing particulate concentrate from 
said mixing stage to a compounding apparatus. 

2. The process of claim i, comprising continuously compounding 
said concentrate in said compounding apparatus to form a filled heat- 
vulcanizable silicone composition. 

3. The process of claim i, wherein said mixing stage comprises a 
shearing and stirring mechanism. 

4. The process of claim 1, wherein said mixing stage comprises a 
continuous annular layer mixer. 

5. The process of claim i, wherein said compounding apparatus is a 
helically driven extruder mechanism. 

6. The process of claim i, wherein said mixing stags comprises two 
continuous annular mixers connected in sequence, comprising: 

mixing said filler with said silicone polymer in said continuous annular 
layer mixers for a residence time of between about 5 s and about 10 min to 
form a prcmix; and 

discharging said premix to said compounding apparatus. 

7. The process of claim i, wherein said mixing stage comprises at 
least two continuous annular mixers connected in sequence, comprising; 
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mixing said filler with said silicone polymer in said continuous annular 
layer mixers for a residence time of between about io s and about 3 min to 
form a premix; and 

discharging said premix to said compounding apparatus, 

8. The process of claim 1, wherein said mixing stage comprises two 
continuous annular mixers connected in sequence, comprising: 

mixing said filler with said silicone polymer in said continuous annular 
layer mixers for a residence time of between about. 20 s and about 3 min to 
form a premix; and 

discharging said premix to said compounding apparatus. 

9. The process of claim 1, wherein said mixing stage is a continuous 
annular layer mixer and said compounding apparatus is a helical driven 
extruder mechanism, 

10. The process of claim 9, wherein said continuous annular layer 
mixer is adjacent and connected to said compounding apparatus, 

11. The process of claim 9, wherein said continuous annular layer 
mixer abuts and connects to said compounding apparatus. 
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12, The process of claim 9, comprising: 

mixing said filler with said silicone polymer in said continuous annular 
layer mixer at an element tip speed of between about 3 m/s and about 100 
m/s to form a premix; and 

discharging said premix to said compounding apparatus. 

13, The process of claim 9, comprising: 

mixing said filler with said silicone polymer in said continuous annular 
layer mixer at an element tip speed of between about 10 m/s and about 80 
m/s to form a premix; and 

■discharging said premix to said compounding apparatus, 

14. The process of claim 9, comprising: 

mixing said filler with said silicone polymer in said continuous annular 
layer mixer at an element tip speed of between about 15 m/s and about 6o m/s 
to form a premix; and 

discharging said premix to said compounding apparatus, 

15. The process of claim 9, comprising: 

mixing said tiller with said silicone polymer in said continuous annular 
layer mixer for a residence time of between about 3 s and about 5 min to form 
a premix; and 

discharging said premix to said compounding apparatus. 
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16. The process of claim 9j comprising: 

mixing said filler with said silicone polymer in said continuous annular 
layer mixer for a residence time of between about 5 s and about 1 mm to form 
a premix; and 

discharging said premix to said compounding apparatus. 

17. The process of claim 9, comprising: 

mixing said filler with said silicone polymer in said continuous annular 
layer mixer for a residence time, of bet-ween about 20 a and about 45 s to form 
a premix; and 

discharging said premix to said compounding apparatus, 

18. The process of claim 9, wherein said continuous annular layer 
mixer has a sequence of at least a first section comprising a mixing element, a 
second section comprising a cutting dement and a third section comprising a 
mixing element. 

19. The process of claim 9, wherein said continuous annular layer 
mixer has a sequence of at teast a first section comprising a forward pitched 
mixing element, a second section comprising a forward pitched cutting 
element or neutral cutting element and a third section comprising a rearward 
pitched mixing element. 

20. The process of claim 19, wherein said continuous annular layer 
mixer comprises about 5 to about 80% first section elemenis, about to to 
about 85% second section elements and about 0 to about 75% third section 
elements. 
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21. The process of claim 19, wherein said continuous annular layer 
mixer comprises about 10 to about 65% first section elements, about 10 to 
about 65% second section elements and about 10 to about 75% third section 
element*;. 

22. The process of claim 19, wherein said continuous annular layer 
mixer comprises about 15 to about 55% first section elements, about to to 
about 45% second section elements and about 20 to about 65% third section 
elements. 

23. The process of claim 19. wherein said continuous annular layer 
mixer additionally comprises a final section comprising forward pitched 
cutting or forward pitched mixing elements. 

24. A process of compounding a filled heat -vulcanizable silicone 
composition, comprising: 

mixing a filler wish a silicone polymer in a continuous annular layer 
mixer at an element tip speed of between about 3 sn/s and about 100 m/s to 
form a premix; and 

discharging said premix to a next processing apparatus. 

25. The process of claim 24, wht rein said tip speed is between about 
io m/s and about 80 m/s. 

26. The process of claim 24, wherein said Lip speed is between about 
15 m/ s and about 80 m/s, 
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27. A process of forming a premix for preparing a filled heat- 
vulcanizable silicone composition, comprising: 

mixing a filler with a silicone polymer in a continuous annular layer 
mixer; and 

discharging filled silicone polymer premix from said mixer. 

28. The process of claim 27, wherein said premix is discharged to a 
storage area. 

29. The process of claim 27, wherein said premix is discharged and 
transported to an area for further processing. 

30. The process of claim 27, wherein said premix is discharged and 
transported to an area for further processing, 

31. A continuous annular layer mixer, comprising a sequence of at 
least a first section comprising a mixing elements a second section comprising 
a cutting clement and a third section comprising a mixing element. 

32. The continuous annular layer mixer of claim 31, comprising a 
sequence of at least a first section comprising a forward pitched mixing 
element, a second section comprising a forward pitched cutting element or 
neutral cutting element and a third section comprise ag a rearward pitched 
mixing element 

33. The continuous annular layer mixer of claim 31, comprising 
about 5 to about 80% first section elements, about 10 to about 85% second 
section elements and about o to about third section elements, 

34. The continuous annular layer mixer of claim 31, comprising 
about 10 to about 65% first section elements, about 10 to about 65% second 
section elements and about 10 to about 75% third section elements. 
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35. The continuous annular layer mixer of claim 31, comprising 
about 15 to about 55% first section elements, about 10 to about 45% second 
section elements and about 20 to about 65% third section elements. 

36. The continuous annular layer mixer of claim 31, additionally 
comprising a final section comprising forward pitched cutting or forward 
pitched mixing elements. 

37. A compounding apparatus, comprising; 

a first stage continuous annular layer mixer; and 

at least one subsequent stage comprising an extruder connected to said 
first stage to permit continuous discharge of processed material from said first 
stage to said second stage. 

38. The compounding apparatus of claim 37, wherein said first stage 
continuous annular mixer comprises a sequence of at least a first section 
comprising a mixing element, a second section comprising a cutting element 
and a third section comprising a mixing element. 

39. The compounding apparatus of claim 37, wherein said first stage 
continuous annular mixer comprises a sequence of at least a first section 
comprising a forward pitched mixing element, a second seeiion comprising a 
forward pitched cutting element or neutral cutting element and a third section 
comprising a rearward pitched mixing element 
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40. The compounding apparatus of claim 3/, wherein said first stage 
continuous annular mixer comprises about 5 to about 80% first section 
elements, about 10 to about 85% second section elements and about 0 to 
about 75% third section elements. 

41. The compounding apparatus of claim 37, wherein said fi rst stage 
continuous annular mixer comprises about io to about 65% first section 
elements, about 10 to about 65% second section elements and about 10 to 
about 75% third section elements. 

42. The compounding apparatus of claim 37, wherein said first stage 
continuous annular mixer comprises about 15 to about 55% first section 
elements, about 10 to about 45% second section elements and about 20 to 
about 65% third section elements. 

43. The compounding apparatus of claim 37, wherein said first stage 
continuous annular mixer additionally comprises a final section comprising 
forward pitched cutting or forward pitched mixing elements. 

44. The compounding apparatus of claim 38, wherein said first stage 
continuous annular mixer wherein said mixing element comprises a stem 
extending to terminate in a distal fan-shaped head and said cutting element 
comprises a stem that flares outwardly and bevels inwardly to form a euttir. j 
edge at its distal head. 

45. The compounding apparatus of claim 37, wherein said -second 
stage comprises a co-rotating, inter meshing double screw extruder, 

46 The compounding apparatus of claim 37, wherein second stage 
comprises a co -rotating, non-intenneshing double screw extruder. 

46. The compounding apparatus of claim 37, wherein said stages are 
separate, adjacent stages. 
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47- The compounding apparatus of claim 37, wherein said stages are 
contiguous abutting stages, 

48. The compounding apparatus of claim 37, wherein said first stage 
comprises a plurality of mixers arrange to operate in sequence. 

49. The compounding apparatus of claim 37, wherein said first stage 
comprises a plurality of mixers, wherein at least two mixers are arrange to 
operate in tandem. 

50. The compounding apparatus of claim 37, wherein said at least 
one subsequent stage comprises a co -rotating intermeshing double screw 
extruder, a counter-rotaimg double screw extruder or a single screw extruder. 

51. The compounding apparatus of claim 37, wherein said at least one 
subsequent stage comprises a co-rotating irttermeshing double screw extruder 
or a single reciprocating screw extruder. 



3. Detailed Description of Invention 

BACKGROUND OF THE INVENTION 

The invention reiates to a process for continuously preparing heat- 
vulcanizable silicone compositions. 

A heat-vulcanizable silicone composition comprises a high viscosity silicone 
polymer, an inorganic reinforcing filler and various additives that aid 
processing or impart desired final properties to the composition, A 
vulcanizing agent can be added and the composition heat-cured to fabricate 
silicone rubber moldings such as gaskets, medical tubing and computer 
keypads. 

Typically, the heat-vulcanizable silicone composition is produced by kneading 
a high-viscosity polydiorganosiloxane, the inorganic filler and additives by 
means of a batch kneading machine such as a high intensity Banbury mixer or 
a low intensity double arm dough mixer. In this process, 
polydiorganosiloxane, inorganic filler, treating agents and additives are batch 
mixed until desired properties are obtained. In Kasahara er ah, U.S. Pat. 
5,198,171, a preconcentrate of polydiorganosiloxane, inorganic filler and 
treating agents is formed by a high speed mechanical shearing mixer. The 
resulting premix is further compounded in a same-direction double screw 
extruder, The premix is formed in a first step wherein a diorganopolysiloxane 
having a viscosity at 25 D C of 1 x lose? or more, an inorganic filler and a 
treating agent are mixed in a high speed mechanical shearing machine to 
provide a flowable particulate mixture in -which each ingredient is present in a 
substantially uniform, finely dispersed state. The flowable particulate mixture 
is then fed at a constant feed rate into a kneading and extruding machine that 
has two screws rotating in the same direction. 

A batch process requires long mixing times and large amounts of energy. 
Non-homogeneous shear and extensional stress across a commercial sized 
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batch can result in non-uniform size distribution of filler that results in 
variations in properties. Batches processed at different times may be 
characterized by different physical properties. The batch process is labor, 
energy and capital intensive and produces materials of only marginal 
consistency. 

In Baniada et ai, U.S. Pat. 5,409,978, a preconcentrate of 
polydiorganosiloxane, inorganic filler and treating agents is formed at a 
temperature in the range of about 2oo°C to 300T in a co-rotating continuous 
double screw extruder. The preconcentrate is then compounded and heat 
treated at iso°C to soo°C in a counter rotating, double screw extruder. 
However, a process that requires two extruders is expensive and requires 
significant processing area. 

However with these processes, throughput is limited, There is a need for a 
process that provides improved throughput and which can be adapted as a low 
cost process that can efficiently utilize a single extruder to con s inuously and 
consistently produce a fall range of both low viscosity and high viscosity 
silicone elastomers from filler, additive and polymer. 

SUMMARY OF THE INVENTION 

The invention provides a process that compounds high levels of tiller, 
processing fluid and silicone polymer into homogeneous filled heat- 
vulcanizable silicons compositions with requisite reinforcing properties and 
levels of volatiles. The process comprises continuously feeding filler and 
silicone polymer to a high spaed mixing stage to form a free-flowing 
particulate concentrate. The concentrate is continuously discharged from the 
mixing stage to a compounding apparatus for further processing. 

In another aspect, the invention relates to a process of forming a prernix of 
filler and silicone polymer. In the process, a filler is mixed with a silicone 
polymer in a continuous annular layer mixer and a filled silicons polymer 
premix is discharged from the mixer. 
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In another aspect, the invention relates to a process of compounding a 
filled heat-vulcanizabk silicone composition wherein a filler is mixed with a 
silicone polymer in a high speed continuous mixer at an element tip speed of 
between about 3 m/s and about 100 ni/s to form a premix. The prendx is then 
discharged to a next processing apparatus. 

in another aspect, the invenLion relates to a continuous annular layer 
mixer having a sequence of sections comprising at least a first section 
comprising a forward pitched mixing element, a second section comprising a 
neutral or forward pitched cutting element and a third section comprising a 
rearward pitched mixing element. 

In yet still another aspect, the invention relates to a compounding 
apparatus, comprising a first stage continuous annular layer mixer and at least 
one subsequent stage comprising an extruder connected to the first stage to 
permit continuous discharge of processed material from the first stage to the 
second stage. 
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DETAILED DESCRIPTION OF THE INVENTION 

Banbury or dough mixers are known for the batch compounding of 
tillers with silicone polymers. The compounding operation has two distinct 
steps; the first step involves the wetting of the filler by the polymer, while the 
second step involves breaking down of agglomerates and uniform dispersing 
of filler in polymer. Sufficient dispersion of filler in polymer is important. 
Any large undispersed agglomerates result in poor mechanical properties 
since they can act as failure initiating flaws. 

In batch or continuous processes, a treating agent can be dispersed 
along with the silicone polymer either with or before the addition of filler. In 
these processes, large interracial forces develop between silicone polymer and 
free, unreacted silanol groups present in filler. The treating agent must 
diffuse through the bulk of the high molecular weight silicone polymer and 
penetrate a rigid silicone polymer/filler interface to reach the filler for 
treatment. Mixing intensity must be increased to overcome the large 
mterfacial forces and to permit penetration of the treating agent to access the 
silanol groups. An increase in mixing intensity causes an undesirable increase 
in material temperature. 

According to the invention, a free-flowing particulate concentrate of 
-silicone and filler is continuously formed in a high feed mixing stage. The 
concentrate is continuously discharged from the mixing stage to a 
compounding apparatus for further processing. The mixing stage can 
comprise a continuous annular layer mixer, A continuous annular layer mixer 
coxnpiises a cylindrical mixing trough wherein material to be mixed is 
propelled along a helical path along the axis of the trough in the form of a ring 
contiguous with the cylindrical mixer wall. A typical continuous annular layer 
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mixer is disclosed in Erich et ah, U.S. Pat. 5,018,673 describing a mixer 
comprising an essentially horizontally arranged cylindrical housing, which is 
provided at a first end with a material supply pipe for a continuous supply of 
material and., at a second end, with a material discharge pips for a continuous 
removal of material. The cylindrical housing encloses a mixing apparatus, 
which is arranged coaxially in the housing. Hie mixing apparatus is driveable 
at high speeds. The apparatus comprises mixing tools, which project 
essentially radially from the apparatus into the vicinity of the housing inner 
wall. The mixer includes a draw-in zone that is associated with a material 
supply pipe and a wetting zone that is proyided downstream in an axial 
conveying direction of the draw in zone. The mixer also includes means 
provided in the wetting zone for the admission of liquid into a form of a ring of 
material, The ring is helically conveyed and moved through the mixer on the 
housing inner wall. The mixer further includes means for the separation of 
clusters. The means includes a plurality of cutting devices provided in a radial 
plane relative to the shaft of the mixing apparatus and arranged at equal 
annular spacings relative to one another around the full circumference of the 
housing. 

In an embodiment of the invention, a continuous annular layer mixer is 
utilized as a premixing stage to create a fine dispersion of an uncured silicone 
polymer in a volume of filler. This material can then undergo a phase 
transformation under compressive, elongational and shear flow fields in an 
extruder to a compounded state, where dry fill minority phase. First 

stage densification of the filler results in shorter incorporation times in the 
extruder and consequently significant improvement in productivity. 

The inorganic filler that can he used in the invention can be any 
inorganic filler used in blends with silicone polymers. Examples of inorganic 
fillers include a reinforcing silica such as fumed silica or precipitated silica or a 
silica that has been surface-treated with an organosilicon compound such as 
an organopolysiloxane, organoalkoxysilane, organochlorosilane or a 
hexaorganodisilazane. The filler can be diatomaceous earth, finely crushed 



quartz, aluminum oxide, titanium oxide, iron oxide, cerium oxide, cerium 
hydroxide, magnesium oxide, iiinc oxide, calcium carbonate, zirconium 
silicate, carbon black or ultramarine. A single filler or a combination of fillers 
can be used to reinforce the silicone polymer. 

The amount of the filler can be in the range of from about g to about aoo 
parts by weight, desirably from about 10 to about 1.00 parts by weight and 
preferably from about 20 to about 60 parts by weight, per 100 parts by weight 
of silicone polymer. 

Residual silanol groups on the surface of a filler can govern strength of 
hydrogen bonds between the silica and hydroxy! or oxygen groups in the 
silicone polymer chain. High concentrations of residual silanols in a filler 
cause "structuring" or "crepe hardening" of the final product in storage. This 
effect leads to difficulties in the processing of the material after it has been 
stored for extended periods, if the concentration of silanol functional groups 
in a filler is too high, a treating agent can be added to reduce the groups to a 
required concentration. The silanol reactant treating agent, can react to reduce 
available groups to a concentration of between about 8 to about 2 hydroxy! 
groups/(nanometer} 2 of filler, preferably between about / to about 3 hydroxyl 
groups/(nanometer) 2 of filler. The surface-treated silica is a preferred filler in 
the invention, in an amount from about 10 to about 100 parts by weight, 
preferably from about 20 to about 60 parts by weight, per 100 parts by weight 
of silicone polymer. 

The treating agent can be mixed into the filler to reduce filler silanol 
groups, to improve dispensability of the filler and/or to reduce the lime 
required for aging of the silicone rubber, to prevent crepe hardening and/ or to 
regulate plasticity. The treating agent can be an organosilane, a low-viscosity 
polysiloxane or a silicone resin, which has a silanol group and/or an alkoxy 
group having 1 to 6 carbon atoms. Examples include diphenyl-silanediol, 
dimethylsilanediol, methyltriethoxysilane and phenyltrimethoxysflane. The 
low-viscosity polysiloxane may contain one or more kinds of organic groups 
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selected from a methyl group, a phenyl group, a vinyl group and a 3,3,3- 
ixifluoropropyl group. The viscosity of the polysiloxane measured at 25°C is in 
Lhe range of from about i to about 300 eP, preferably from about 5 to about 
100 cP. The treating agent can be added in an amount of from 0.1 to 100 parts 
by weight desirably from 0.5 to about 50 parts by weight and preferably from 
about 1.0 to about 20 parts by weight per 100 parts by weight of the filler. 
Preferred silanol-reactant treating agents include silanol-stopped 
polydimethylsiloxane, oeteinethylcydotatrasiloxar.e (D4) and 
hexarnethyldisilavsane {HMQZ). 

The silicone polymer used in the compositions of the present invention 
can be represented by recurring unite of Formula I: 



wherein, R J independently at each occurrence represents C1-4 alkyl, or C a - 4 
alkylene; R* independently at each oecummee represents C1-4 alkyl, CrC 4 
haloalkyl or C 2 . 4 alkylene; Rs independently at each occurrence represents H, 
Ci-10 alkyl, C2-4 alkylene, C 4 - 6 eycloalkyl, OH or Ci-C 4 haloalkyl; and n 
represents an integer from 1,000 to 20,000. 

A further preferred composition comprises a silicone polymer wherein, 
R 1 independently at each occurrence represents, CH 3 or CH=CH 2 ; R 2 
independently at each occurrence represents, CH 3 , CH~CI-L. or CH z CH a CF 3 ; 
R3 independently at each occurrence represents CH 3 , CH-CH*, OH or 
CH 2 CHa:CF 3 ; and n represents an integer from about 4,000 to about 10,000. 




Formula I 
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Another embodiment provides a composition wherein the vinyl content 
of the silicone polymer ranges from about 0.05% to about 0,5 % by weight of 
the silicone polymer. 

The heat-vulcanizable silicone composition can also include other 
additives such as heat-resistance improvers such as oxides, hydroxides and 
fatty acid salts of metals, vulcanisation reverse inhibitors, flame retardants 
such as platinum compounds, discoloration preventive agents, plastieizers 
such as silicone oil, internal release agent such as metal soaps, pigments and 
dyes. 

Features of the invention will become apparent from the following 
drawings and detailed discussion, which by way of example without limitation 
describe embodiments of the present invention. 

FIG.i schematically represents a process according to the present 
invention 

In FIG. 1, the apparatus 10 of the invention includes a high speed 
mixing stage 12 and an extruder stage 14, High speed mixing stage 12 can 
represent, a continuous annular layer mixer and can represent a single mixer 
or a plurality of mixers arranged to operate in sequence. The extruder stage 14 
can be one or more of a co-rotating interaseshing double screw extruder, a 
counter-rotating double screw extruder or a single screw extruder. Preferably, 
the extruder stage 14 is a co-rotating intermeshing double screw extruder or a 
single reciprocating screw extruder. When the extruder stags includes a 
plurality of extruders, they can be connected sequentially or in tandem. 

In the process; of the invention, filler is contained in loss-in-weight 
feeder 16 and is fed 18 along with silicone polymer ao and treating agent 22, 
into mixing stage 1%. 

In the mixing stage 12, the polymer, filler and agent are subjected to a 
high speed, high intensity force to produce a free flowing powder premix 24. 
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Adequate tip speed and residence time are required to break down the 
material and to coat the filler with polymer and wet the materials with treating 
agent. The materials can be mixed at an element tip speed of between about 3 
m/s and about xoo m/s to form the premix. Desirably, the element tip speed 
is between about io m/s and about So m/s and preferably between about 15 
m/s and about 60 m/s. Residence is the time required for material to pass 
through the mixer. Residence time can be between about 3 seconds (s) to 
about s minutes (min) when a single mixer is used. The residence time for a 
single mixer can be from about 5 s to about 1 rain and preferably can be 
between about 20 s to about 45 s. The mixing stagei2 can comprise a plurality 
of mixers. When two mixers are used in sequence, residence time for the two 
can be from about 5 s to about 10 min or the residence 'dme can be from about 
xo s to about 5 min or preferably 20 s to about 3 min. The mixing stage 12 can 
produce a product with a tap density of about 0.3 to about 0.6 or about 0.35 to 
about 0.55 or even 0.36 to about 0.48. 

Advantageously, the premix 24 can be used in a continuous process (as 
illustrated herein) or can be stored and distributed for later use. In FIG. 1, the 
premix 24 is fed to extruder stage 14 where it is compounded with additives 26 
and devolitilized to produce a heat -vukanizable silicone polymer composition 
30. 

FIG. 2 illustrates another embodiment of the invention. The apparatus 
50 of FIG. 2 includes continuous annular layer high speed mixer 52 and a 
second mixer 54 arranged in sequence. Two or more mixers can be utilized to 
provide increased residence time to provide a more consistent premix. The 
FIG. 2 apparatus includes extruder 56 connected in sequence down stream of 
mixers 52, 54 and subsequent extruder 58. 

In the process illustrated in FIG. 2, loss-in-weight feeder 60 meters 
filler 62 into first mixer 52 to be mixed with polymer 62 and treating agent 66. 
Hie product from mixer 52 is charged 68 into mixer 54 where a free flowing 
powder premix 70 is produced, which is charged to extruder 56 where 



additional treating agent is added 72 for further filler treatment. Additional 
polymer can be added (not shown) in this step to make low durometer 
material. Processing aids and other additives are added 74 in this step to 
produce a product 76 which is charged into extruder 58 for dcvolitilization 78. 
Extruder 58 produces a heat vulcanization silicone poljaner composition 80 
for further use. 

BIGS. 3 to 8 show a continuous annular layer mixer and associated 
elements. 

FIGs. 4 and 5 are representations of processing elements that can he 
included in a mixer that can be used in the invention. FIG. 3 is a side 
elevational view of a continuous annular layer mixer 102 showing a placement 
of the elements of FIGs. 4 and 5. 

In FIG. 3, mixer 102 comprises a cylindrical housing 104 with central 
longitudinal shaft 106. The housing 104 is sealed at transverse ends by end 
walls 108, 110. The shaft 106 projects through both ends of the housing 104 
and is sealed by end walls 108, 110, Material feed 112 is attached to an upper 
part of housing 104 to open substantially tangentially into the interior of the 
housing 104 and discharge 114 is provided at a lower end of the housing 104 
substantially tangentially to the interior of the housing 104 and opening out 
from the interior of the housing 104. 

Processing elements of various designs are provided on shaft 106 of 
mixer 102. FIG. 4 shows a mixing element 116 that extends from rotatablc 
shaft 106 and projects radially from shaft ie>6 within the continuous annular 
layer mixer 102 of FIG. 3. Mixing elements 116 are axially aligned at 90° 
intervals as viewed along the shaft 106 longitudinal axis and as shown in FIGs. 
7 and 8. Mixing element 116 includes stem 118 extending from base 120 to 
terminate in distal fan-shaped head 122. The mixing element 116 is shown 
extending perpendicular to the base 120 with an angled paddle head 122. The 
element 1x6 is fixed in the base 120 at a head pitch angle to provide a relatively 
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Increased conveying (propulsive) function or backmbring function, as the case 
may be. Various pitches of elements and descriptions of function are provided 
hereinafter with reference to FIGs, 6 to 9. 

FIG. 5 shows cutting element 124 extending from base *26 and directed 
radially from the shaft 106 within the mixer 102. The cutting element 124 
includes stem 128 chat flares outwardly 130 and bevels inwardly 132 to form a 
cutting edge 134 at its distal head 136. The element 124 is shown extending 
perpendicular. The element 124 can be fixed at a catting edge pitch angle so 
as to control conveying and baekrnixing functions, as described with reference 
to FIG. 6 and FIG. 9. The elements 124 are axially aligned at 90 0 intervals as 
viewed along the shaft 106 longitudinal axis and as shown in FIG. 8. 

FIG, 6 is a schematic representation of elements illustrating element pitch 
with respect to the mixer shaft 106. FIG, 6 shows a first draw-in section (first 
section) 138 of mixer 106, wherein mixing elements 140 are provided that are 
set. with heads in an axial conveying direction 142. Filler/treating 
agent/silicone polymer material is charged into the mixer 106 via the feed 122 
shown in FIG, 3 at first section 138 and is accelerated and set in motion in an 
axial conveying direction 142 by the mixing elements 140. The FIG. 6 
illustrates pitch of element heads 122 and 136 from an axis defined by the 
longitudinal axis 152 of the mixer shaft 106 where degree of pitch is defined by 
FIG. 9, Elements pitched at an angle between 90° and less than 180° impart a 
conveying function, while elements pitched at an angle between 0° and less 
than 90 0 impart a holding function. The mixing elements 140 extend close to 
the inner wall of housing 104 to avoid dead space and, as shown in FIG. 7, the 
mixing elements 140 are spaced around the circumference of shaft 106 at 
about 90 0 intervals. 

The mixing elements 140 are set into a conveying direction at an angle of 
about 138 0 from a perpendicular defined by the compass 146 of FIG. 9, 
wherein abscissa 148 coincides with mixer shaft longitudinal axis 150 and 
ordinate 152 is perpendicular to the axis 150. Rotation of conveying element 
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140 creates a centrifugal force which flings material into the form of a ring at a 
radial outer end of element 140. Element 140 pitch then causes the charged 
material in the form of the ring to advance helically through the mixer 102 
interior. 

A second section 154 of the mixer 102 includes cutting elements 156 that are 
pitched at a conveying direction angle of about 118 0 from perpendicular. The 
cutting elements 156 are circumferentially space at about 90 0 around shaft 
106 as shown along with conveying elements 140 in FIG. 9 and extend close to 
inner wall of the housing 104 to avoid dead space. The elements 156 act to 
separate clusters of material to accelerate wetting of filler. 

A third section 158 comprises rearward pitched conveying elements 160 to 
provide baekmixing and increased residence time. 

In an embodiment of the invention, the continuous annular layer mixer 102 
has a sequence of at least a first section comprising mixing elements, a second 
section comprising cutting elements and a third section comprising mixing 
elements. The sections can include other elements besides the specified 
mixing or cutting elements. For example, the second section can comprise 
cutting and mixing elements. The first section can comprise forward pitched 
elements, the second section can comprise forward and neutral elements and 
the third section can comprise rearward pitched elements for increased 
residence time. The total elements of the continuous annular layer mixer 102 
can comprise about 5 to about 80% first section elements, about 10 to about 
85% second section elements and about 0 to about 7*5% third section 
elements; desirably about 10 to about 65% first section elements, fsbout jo to 
about 65% second section elements and about *o to about 75% third section 
elements; or preferably about 15 to about 55% first section elements, about 10 
to about 45% second section elements and about 20 to about 65% third 
section elements. 



FIG. 6 illustrates an embodiment of the invention, wherein the continuous 
annular layer mixer 102 has a sequence of a first section 138 comprising 
forward pitched mixing dements 140, a second section 154 comprising 
forward pitched cutting elements 156 and a third section 158 comprising 
rearward pitched mixing elements x6o. As shown in FIG. 6 S the mixer 102 can 
terminate in a fourth section 162 comprising a forward pitched cutting 
element 164 followed by a neutral element 168 for ejecting the premix. The 
second section 154 can also include a forward pitched mixing element 166. 

According to the invention, preraixing in the continuous annular layer mixer 
creates a fine dispersion of an uncured polymer in a volume of* filler. This 
material then undergoes a phase transformation under compressive, 
eiongational and shear flow fields in an extruder to a compounded state where 
the dry filler is a minority phase. Densification of the filler in the annular 
layer mixer results in shorter incorporation times and consequently significant 
improvement in productivity. 

These and other features will become apparent from the following 
detailed discussion, which by way of example without limitation describes 
preferred embodiments of the present invention. In the Examples, premix 
quality is characterized by tap density, BET surface area, solution and dry 
powder particle size. The premix material is examined by scanning electron 
microscopy, transmission electron microscopy and compression testing. 
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Example i 

A Drais KIT continuous annular layer mixer is provided with the 
element configuration described in Table i. 

Table l 

element NoiDsseriptten Angle* ^ascription 



1 


139 


forward conveying artd mixing eisrnsrtf 


9 


136 


forwafd conveying and mixing aierneftt 


3 


13S 


forward conveying and mixing aiem&tt 


4 


135 


forward conveying and mixing olemsnt 


5 


119 


forward conveying and gutting element 


6 


117 


forward^conveyfng and cutting element 


/ 


122 


forward conveying and ^nixing sSsinarst 


3 


62 


rea.-ward mixing element 


9 


68 


rises-ward mixing element 


10 


71 


rearward mixing element 


11 


70 


rearward mixing element 


1?. 


70 


rearward mixing element 


13 


63 


rearward mixing element 


14 


6S 


rearwsrd mixing element 


15 


67 


rearward mixing element 


10 


67 


rearward mixing element 


1? 


124 


forward conveying arsi sutting eismenl 


18 


186 


netitra! cutting stomeni 



* angle in dagrees from perpendicular as defined by ths cempass 14S of F!C. 9 



A silicone gum is charged into the mixer by means of a Doering pump 
(p =240 psi) at a rats of 40 Ibs/hr and pretreated fumed silica is charged by 
means of a loss in weight Acrisson feeder at a rate of 60 lbs/hr. Both feeds are 
at room temperature. The mixer is operated at 3000 rpm at ap amperage of 
15.5 to 16.5. Discharge temperature increases from 8i°F to 8g°F and shell 
temperature is consistent at about 73°F. Seven samples are prepared with a 
tap density of between 0,40 to 0.42, 

Example 3 

The Drais mixing step of Example 1 is repeated with 63 parts of fumed 
silica and too parts of a polymer gum. The product from the Drais mixing 



step is immediately charged into a Banbury mixer where it is compounded 
with 2.5 parts methoxy stopped fluid treating agent, 2.5 parts of silanol fluid 
treating agent/processing aid and 0.8 parts of vinyl methoxy silane crosslinker 
and then cured with 1.2 parts catalyst for 10 minutes at 350°? and post baked 
at 450 a F, Physical properties obtained for a 75 Duorometer product are 
provided in Table 2, 

Examples 

As a comparison, fitter and polymer are added directly to the Banbury 
mixer and are compounded with the same materials and cured in the same 
manner as in Example 2. Physical properties obtained for a 75 Duorometer 
product are provided in Table 2. 

Table 2 



Property/Example 


2 


1 


Shore A Hardness 


72 


78 


Elongation 


395 


368 


100% Modulus 


322 

V ^ "Wff 0*v 




Tensile 


1277 


1302 


Tear B 


148 


1 5-3> 


Specifics Gravity 


1226 


1.203 



Example 4 

The Drais mixing step of Example 1 is repeated with 63 parts of fumed 
silica and 100 parts of a polymer gum. The product from the Drais mixing 
step is immediately charged into a Banbury mixer where it is compounded 
with 2.5 parts methoxy stopped fluid treating agent, 2.5 parts of silanol fluid 
treating agent/processing aid and 0.8 parts of vinyl methoxy silane 
crosslinker. Samples of the materials are compounded in the Banfoury mixer 
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at various RPM's. The compounded samples are cured with 1,5 parts of 2,4- 
dichlorobenzoyl peroxide for 12 minutes at a6o D F. The resulting sheet 
samples are post baked at 200°C for 4 hours. Physical properties for 75 
Duorometer samples are provided in Table 3. 

Table 3 



Property/E sample RPM's 


1400 


2000 


2800 


3200 


Siiors A Hardness 


78 


77 


7S 


75 


Elongation 


324 


347 


308 




100% Modulus 


410 


407 


3S5 


388 


Tensile 


1327 


1308 


i210 


1220 


Tear 8 


134 


123 


128 


130 


Spscifica Gravity 


1,207 


1.209 


1.198 


1199 



Example 5 

The Drais mixing step of Example 1 is repeated with 63 parts of fumed 
silica and 100 parts of a polymer gum. The product, from the Drais mixing 
step is continuously charged into a twin screw, co-rotating intermeshing 
extruder for compounding and then continuously into a single screw 
reciprocating extruder for homogenizatkm and stripping. The final product 
includes 1,35 parts vinyl diol crosslinker, 2.0 parts of silanol fluid treating 
agent/processing aid and 3 parts of a methyMnyl source as a 
crosslinker/ plasticizer. The product has <t% volatiles. The product is cured 
with 1.5 parts of 2,4-dicMorobenzoyl peroxide for 17 minutes at 26o°F. 
Product sheets are post baked at 200 C C for 4 hours. Physical properties for 75 
Duorometer samples are provided in Tabic 4. 

Example & 

The Drais mixing step of Example l is repeated with 61 parts of fumed 
silica and too parts of a polymer gum. The product from the Drais mixing 
step is continuously charged into a twin screw, co-rotating intermeshing 
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extruder for compounding and then continuously into a counter-rotating, 
non -intermeshing twin screw extruder for homogenization and stripping. The 
final product includes l.o parts of silanol fluid treating agent/processing aid 
and 0,5 parts of a methylvinyl source as a crosslinker/plasticker. The product 
has <i% volatiles. The product is cured with 1.5 parte of 24-dichlorobenzoyl 
peroxide for 17 minutes at 26o <) F. Product sheets are post baked at 200°C for 
4 hours. Physical properties for 40 Duorometer samples are provided in Table 
4. 

Table 4 



Property/Example 


5 


6 


Shore A Hardness 


70,1 


37.8 


Elongation 


327 


519 


100% Modulus 


420 


108 




1467 


1078 


TearB 


123 


89 


Specifice Gravity 


1.21 


1.106 



The results show that a premix can be continuously prepared in a high 
speed mixing stage to form a free-flowing particulate concentrate that can he 
continuously charged to compounding apparatus to prepare hcsat-vulcanissable 
silicone compositions 

While preferred embodiments of the invention have been described, the 
present invention is capable of variation and modification and therefore 
should not be limited to the precise details of the Examples. The invention 
includes changes and alterations that fall within the purview of the claims. 



(8 8 ) ) 0 1-3151 17 (P2001-315117A) 



4. Brief Description of Drawings 

FIG. i is a schematic representation of a continuous heat-vulcanizable 
silicone composition compounding process and apparatus; 

FIG. 2 is a schematic representation of a continuous heat-vulcanizable 
silicone composition compounding process and apparatus; 

FIG. 3 is a side elevation view of a continuous annular layer mixer; 

Figs. 4 and 5 are perspective views of mixer elements; 

FIG. 6 is a schematic representation of elements illustrating element 

pitch; 

FIG. 7 is a schematic representation of a view through line A-A of FIG. 

3; 

FIG. 8 is a schematic representation of a -view through line 8-B of FIG. 

3; and 

FIG. 9 is a reference compass for determining element pitch. 



FIG* 1 



■16 




r 




8 



12 



20 



L-24 14 



p28 



22 



-30 




28 



(6 9 ) ) 0 1 - 3 1 5 1 1 7 ( P 2 0 0 1 - 3 




152 




146 



270 



1. Abstract- 

High levels of treated fumed silica, processing fluid and high molecular 
weight silicons polymer are continuously compounded into a homogeneous 
silica filled heat-v«lcanizablc silicone composition by forming a premix in a 
continuous annular layer mixer and continuously discharging the premise into 
a compounding apparatus for compounding to form the filled heat- 
vulearsizable silicone composition. 

2, Representative Drawing: Figure l 



